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Asymmetric aryl phosphites

The invention relates to novel phosphites, to the use thereof as stabilisers, to a novel
phosphorochloridite as intermediate, and to compositions containing said phosphites.

A number of patent applications, eg. JP-A-54/039 455, JP-A-54/036 363, JP-A-54/055 043
and JP-A-62/086 036, disclose principally symmetrically substituted triaryl phosphites as
stabilisers, and JP-A-54/041 948 uses these phosphites together with other stabilisers in
synthetic resin compositions. One of the concrete examples given here is

tris(2 4-d1-tert-butyl-6—methylphenyl) phosphite. Phosphites containing at least one aryl
radical are disclosed in JP-A-55/005 927, JP-A-54/163 938, US-A-4 348 308 and

US-A-3 558 554. The aryl radical in US-A-3 558 554 is preferably tert-butyl-substituted
p-cresyl. US-A-4 348 308 discloses, for example, compounds such as
bis(2,4-di-tert-butylphenyl) cyclohexyl phosphite and bis(2-tert-butylphenyl) isodecyl
phosphite. US-A-4 444 929 uses compounds such as bis(2-tert-butyl-4-methylphenyl)
2,6-di-tert-butyl-4-methylphenyl phosphite in stabiliser mixtures. Analogues of the
intermediate for the preparation of the compounds according to the invention have already
been disclosed in the literature. Thus, US-A-4 5 84 146 and US-A-4 444 929 disclose
bis(2,6-di-tert-butyl-4-methylphenyl) phosphorochloridite as an intermediate in the
preparation of phosphites. US-A-4 233 208 uses bis(2,6-di-tert-butyl-4-methylphenyl)
phosphorochloridite and similar chlorides and hydroxides as stabilisers.

There continues to be a demand for effective stabilisers for organic materials which are
sensitive to photoinduced and/or thermooxidative degradation.

The invention relates to compounds of the formulal

t-C4Hg
+C;A gt : i 1
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and JI%'A- 62/ 086 036, disclose principally symmetrically substituted triaryl
phosphites as stabilisers, and JP-A-54/041 948 uses these phosphites
together with other stabilisers in synthetic resin conpositions. One of the
concrete exanples given here is tris(2,4-di-tert-butyl-6-nethyl phenyl)
phosphite. Phosphites containing at |east one aryl radical are disclosed in
JP- A-55/ 005 927, JP-A-54/163 938, US-A4 348 308 and US-A-3 558 554. The
aryl radical in US-A-3 558 554 is preferably tert-butyl-substituted
p-cresyl. US-A-4 348 308 discloses, for exanple, conpounds such as
bis(2,4-di-tert- butylphenyl) cycl ohexyl phosphite and

bis(2-tert- ?12%%1 ??%Y'z) cyI phosphite. US-A-4 444 929 uses conpounds
such as bis thylphenyl) 2,6-di-tert-butyl -4-net hyl phenyl
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r -(CH) OH

Ri1
Ry, R3, R4 and Ry, independently of one another, are hydrogen, C;-C;galkyl,
Cs-Cyacycloalkyl or phenyl-C;-C,alkyl, RS is hydrogen, methyl, allyl or benzyl, R7 is
hydrogen or -OR?, R? is hydrogen or methyl, R? is hydrogen or C;-Cspalkyl, R10 and R1,
independently of one another, are hydrogen or C;-Cgalkyl, and n is 3-6,
with the proviso that R! is not a phenyl radical which is substituted in both ortho-positions
to the carbon atom bonded to the oxygen atom,
if x =2, R! is C,-Cygalkylene, C,-C;galkylene which is interrupted by -NRS-, -O- or -S-,

CHg
CH,

orisa N— (CHa)>-  radical, and,

CH
CHy °

if x =3, Rl is C4-Cpalkanetriyl ora -(CHp)y-N-(CHp)p- group in which m is 1-4.

C;-Cspalkyl R! may be linear or branched and is, for example, methyl, ethyl, isomers of
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl, heptadecyl,
octadecyl, icosyl, tetracosyl or triacontyl. Alkyl R!is in particular C,-C,4alkyl, very
particularly C;-Cgalkyl, preferably C,-C;,alkyl, eg. C;-Cjalkyl.

C;-Cysalkyl R2, R3, R* and RS may be linear or branched and are defined, for example, as
for Cl Capalkyl R! apart from the corresponding number of carbon atoms. Preference is
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[err] in which x is 1, 2 or 3, and, if x =1, Rerr] is
Cerr]-Cerr]alkyl, (err]-Cerr]al kyl substituted by hal ogen, -COOR2, -CN,
-NR3R4 or by -CONR[err]Rerr], Cerr]-Cerr]al kyl which is interrupted by
-NRlerr]-, -O or -S, (err]-(err]alkenyl, (err]--errleyelt-oatkyt,——
phenyl - err]-(err]al kyl, phenyl which is unsubstltut ednorg suUbStl. gnqge gce(py

i

given to C;-C;,alkyl, in particular C;-C,alkyl.

Halogen-substituted C,~C;galkyl R! may be linear or branched and monosubstituted or
polysubstituted, eg. monosubstituted to trisubstituted, in particular monosubstituted or
disubstituted, and is, for example, chloromethyl, dichloromethyl, trichloromethyl,
chloroethyl, dichloroethyl, chloropropyl, fluoromethyl, trifluvoromethyl, trifluoroethyl,
trifluoropropyl, etc.

-COORZ-substituted C,-Cgalkyl R! is, for example, methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, dodecyl or octadecyl, each of which is substituted by
methoxycarbonyl, ethoxycarbonyl, isomers of propoxycarbonyl, butoxycarbonyl,
pentoxycarbonyl, hexyloxycarbonyl, heptyloxycarbonyl, ethylhexyloxycarbonyl,
decyloxycarbonyl, dodecyloxycarbonyl, cyclohexyloxycarbonyl, or tolylbxycarbonyl, in
particular by methoxycarbonyl or ethoxycarbonyl, and is preferably methyl or ethyl, in
particular methyl, each of which is substituted by methoxycarbonyl, ethoxycarbonyl or in
particular butoxycarbonyl.

-CONR3R*-substituted C;-Cygalkyl R! s, for example, methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecy! or octadecyl, each of which is
substituted by dimethylaminocarbonyl, diethylaminocarbonyl, dibutylaminocarbonyl or
ethylmethylaminocarbonyl, in parﬁcular dimethyl- or diethylaminocarbonyl, and is
preferably methyl, ethyl or propyl, each of which is substituted by dimethylaminocarbonyl
or diethylaminocarbonyl, in particular propyl which is substituted by
dimethylaminocarbonyl.

CN-substituted C,-C;galkyl R! is, for example, cyanomefhyl, cyanoethyl, cyanopropyl,
cyanobutyl, cyanopentyl, cyanohexyl, cyanooctyl, cyanodecyl, cyanododecyl or
cyanooctadecyl, in particular cyanoethyl.

C,-C,3Alkyl R! which is interrupted by -O-, -S- or -NR>- units contain, for example, the
structural units -CH,-CH,-O-, -CH,-CHy-S- or ~CH2-CH2-NR5-. The -NR?-, -O- or -S-
groups can occur once or more than once in the chain. Other examples of C,-C;galkyl R!
which is interrupted by -O-, -S- or -NR3- units are methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, dodecy! or octadecyl, each of which is substituted by
methoxy, ethoxy, propoxy, butoxy, methylthio, ethylthio, propylthio, butylthio,
dimethylamino, diethylamino, dipropylamino, etc, in particular methoxy or ethoxy,
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Cerr]-Cerr]al kyl, hal ogen, phenyl-Clerr]-Cerr]al kyl and/or
Clerr]-Cerr]al koxy, naphthyl, a radical of the

[err] R2, R3, R4 and R5, independently of one another, are
hydrogen, Cerr]-Cerr]alkyl, Cerr]-Cerr]cycloal kyl or

phenyl -Clerr]-Clerr]alkyl, Rerr] is hydrogen, nmethyl, allyl or benzyl, R7
i's hydrogen or -OR9, R8 is hydrogen orgnmethyl, RO is hydrogen or
Cerr]-Cerr]Jalkyl, Rerr] and R err], independently of one another, are
hydrogen or Clerr]-Cerr]alkyl, and nis 3-6, with the proviso that R err]
i's not a plpmferablyzdiyt athichtis sdbstimtedbyhdthakyed i n both ortho-positions to the
carbon atom bonded to the oxygen atom if x =2, Rerr] is

Cerr]-Cerr]al kyl ene, C[err -Clerr]al kyl ene which is i nterrupted by
-NR[err]- Cs@uﬁycleﬂkyl R!, R%,R3, R* and R® may be,[fer example, cyclopentyl, cyclohexyl,

cycloheptyl, cyclooctyl, cyclodecyl or cyclododecyl, preferably cyclopentyl or cyclohexyl,
in particular cyclohexyl.

Phenyl-C;-Cyalkyl Rl R2, R3, R* and R? are, for example, benzyl, 1-phenylethyl,
2-phenylethyl, 3-phenylpropyl, a-methylbenzyl, o a—d:methylbenzyl etc, preferably
benzyl or 1-phenylethyl.

An aromatic radical R! is preferably phenyl.

Substituted phenyl R! preferably contains 1 to 3 substituents, in particular 1 or 2
substituents, and is, for example, chlorophenyl, dichlorophenyl, trichlorophenyl,
fluorophenyl, difluorophenyl, tolyl, dimethylphenyl, mesityl, ethylphenyl, diethylphenyl,
isopropylphenyl, tert-butylphenyl, benzylphenyl, phenylethylphenyl, di-t-butylphenyl,
methyl-di-tert-butylphenyl, dodecylphenyl, methoxyphenyl, dimethoxyphenyl,
ethoxyphenyl, hexyloxyphenyl, methoxyethylphenyl or ethoxymethylphenyl, in particular
p-tert-butylphenyl. Alkyl and alkoxy as aryl substituents preferably have 1-4 carbon atoms
and are, in particular, methyl, tert-butyl or methoxy, preferably tert-butyl.

An aromatic radical R! is in particular phenyl which is unsubstituted or substituted by an
alkyl group.’ '

Halogen is, in particular, chlorine, bromine or fluorine.

Of particular interest are compounds of the formula I in which, if x = 1, R1is C;-Caqalkyl,
C;-C,galkyl substituted by halogen, -COOR?2, -CN, -NR3R? or by -CONR3R?, C,-C;qalkyl
which is interrupted by -NR>-, -O- or -S-, C3-C;galkenyl, Cs-Cy,cycloalkyl,
phenyl-C;-C,alkyl, phenyl which is unsubstituted or substituted by C;-C;,alkyl, halogen,
phenyl—C] C4a1kyl and/or C;-C,alkoxy, naphthyl, a radical of the formula

CH3 CH, l Rio
—Q_ CHCH— o ~(CHa); OH |
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If x =3, Rerr] is (Jerr]-Cerr]al kanetriyl or a

-(CH err])[err]-N-(CH err])[err]- group in which mis 1-4.
Cerr]-Cerr]alkyl R err] may be linear or branched and is, for exanple,
met hyl , ethyl, isoners of propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, dodecyl, tetradecyl, heptadecyl, octadecyl, icosyl,
tetracosyl or triacontyl. Alkyl R[err] is in particular (Jerr]-Cerr]alkyl,
very particularly (err]-Cerr]al kyl, preferably Cerr]-Cerr]al kyl, eg.

Clerr]-Cferr]al kyl. derr]- C[err]al kyl Rler]r, Rerr], Rerr] and R err]
may be |ingar-9®mR ﬁikﬁ ,,ﬁéﬁgﬁ}é £.00. or -§-
d gr r] - CI[eFf aI?kyllqg %g} g‘g’r g?ﬁ%ﬁylﬂgq‘éhﬁ%spon | ndg;b n%?%er-boforcar bon

atons. Preference is

orisa N— (CHz)a‘ radical, and,

CH
CHy °

if x = 3, R! is C4-Cjalkanetriyl ora -(CH,) m-N-(CH,),- group in which m is 1-4.

.Other particularly interesting compounds of the formula I are those in which, if x = 1, R}
is C;-Cpqalkyl, C;-Cypalkyl substituted by halogen, -COOR?, -CN, -NR3R* or by
-CONR3R?, C,-C;galkyl which is interrupted by -NR3-, -O- or -S-, C3-C;galkenyl,
C;-C;ocycloalkyl, phenyl-C;-C,alkyl, phenyl which is unsubstituted or substituted by
C,-C;qalkyl, halogen, phenyl-C,-C,alkyl and/or Cl-C4alkoxy, naphthyl, a radical of the

CHS
_Rs :
formula N —_— CHch_ _

Rio
r CHa) - OH
Ry y
ifx=2,Rlis Cz Cjqalkylene, C)-Cyqalkylene which is mterrupted by -NR5-, -0- or -§-,
CHg
CHy .
orisa N— (CHa)z" radical, and R!? and R!!, independently of one another,
CHg
CH,

~ are hydrogen or C;-Cyalkyl, and,

if x =3, Rl is C4-Cy,alkanetriyl ora -(CH,),-N-(CH,),- group in which m is 1-4.

Preference is given to compounds _of the formula I in which, if x = 1, R1is C;-Cygalkyl,
C;-Csalkyl which is substituted by halogen, -COORZ, -CN or -NR3R?, C,-Cgalkyl which
is interrupted by -O- or -S-, C3-Cgalkenyl, Cs-Cgcycloalkyl, phenyl which is unsubstituted
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-3- givento (err]-Cerr]alkyl, in particular CJerr]-(err]alkyl.

Hal ogen-substituted Cerr]-Cerr]alkyl R err] may be |linear or branched and
nonosubstituted or pol ysubstituted, eg. nonosubstituted to trisubstituted,
in particular nonosubstituted or disubstituted, and is, for exanple,

chl oronet hyl, dichloronethyl, trichloronethyl, chloroethyl, dichloroethyl,
chl or opropyl, fluoronethyl, trlfluoron§thyl, trifluoroethyl,
trifluoropropyl, etc. COCR[err] substituted CJerr]-CJerr]Jalkyl Rerr] is,
for exanpl e, nethyl et hyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl , dec gﬁ&yg g[k?ﬂsﬁ)ﬂe C r&%@ﬁ

nmet hoxycar %’gﬁ@tf*ﬁ mgﬁoxe;{:(:fzo nylf@lrg ag%quvaﬂr’éggtgxllyéar on%/{'!hl.'”f“nly

but oxycar bonyl , Rxycar bonyI he g‘eoxyca[ibonyl hept yl oxycahbonyl ,

et hyl hexyl oxycAr bonyl ,.gdecyl_oxyc Hs dofdecyl oxycar bon
cycl ohexyl oXy T 0or i yca¥ bengHCH-# per t-1GHz) @ @ OH R‘is
nmet hoxycar bonyl Glti;hoxycar bonyMs '

particul ar methylGHgach of whi ch S bstituted by net hoxycar ;

et hoxycar bonyl or in garticu ar_ but oxycar bonyl .
hydrogen or methyl, and R® and R” are hydrogen,

if x =2, R! is C,-Czalkylene or C,-Cgalkylene which is interrupted by -NR- or -O-, and,

ifx=3,R'isa -(CHy),-N-(CHy),- radical.

Further interesting compounds of the formula I are those in which, if x =1, Rlis
C,-C;salkyl which is unsubstituted or substituted by halogen, -COOR?, -CN or -NR3R?,
C,-C,galkyl which is interrupted by -NR>-, -O- or -S-, C3-Calkenyl, Cs-Cgeycloalkyl,

CH,
CHg
. N—RS
phenyl-C,-C,alkyl, a radical of the formula ,
CHz
CHy
CH, R® LT
CH, i |
R”. N——CH,CH— or -(CH2); OH and,
CHy _
CH, Ryt
if x =2, R! is C,-C;alkylene, C,-C;jalkylene which is interrupted by -NR>-, -O- or -S-,
CH,
CHg
- orisa N— (CHa)2- radical, and,
CH
CHy °

if x =3, Rt is C4-Cyalkanetriyl ora -(CH,),-N-(CH,),- group.

Preference is given to compounds of the formula I in which x = 1, R! is C;-C;salkyl which
is unsubstituted or substituted by halogen, -COORZ2, -CN or -NR3R#, C,-C;,alkyl which is
interrupted by -NR>-, -O- or -S-, or is phenyl-C;-C,alkyl or Cs-Cicycloalkyl.
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-CONR[err]Rerr]-substituted err]-Cerr]alkyl Rerr] is, for exanple,
nmet hyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
dodecyl or octadecyl, each of which is substituted by

di et hyl am nocar bonyl, di et hyl am nocar bonyl , dlbutylan1nocarbonyl or

et hyl met hyl am nocar bonyl , in particular dinethyl- or diethylam nocarbonyl,
and is preferably nethyl, ethyl or propyl, each of which is substituted by
di met hyl am nocar bonyl or diethyl am nocarbonyl, in particular propyl which

I s substituted by dinethylam nocarbonyl. CN-substituted Clerr]-Cerr]alkyl
Rlerr] is, for exanple, cyanonethyl, cyanoethyl, cyanopropyl, cyanobutyl,

e AR e RESH Monp AP OHBE SR SAAE: CEICl c1

is interrupted by - O -S- or -NR[err]- units contain, for exanple, the

StCI:Fgﬁ ‘rJ]r al paRichRre ﬂ&fsrs]lo@'m% b a%cgled Q’&oﬂfgo]a%gﬂf@ﬂer f]oir'xﬁlli}gg'i%gﬁlcg(l:{g B
mor e thé%g"cﬁ{%'é ﬁ’ivelz h&”&ﬂ%fl"ﬁ‘s“@%d%%ﬁﬂwlb %‘?r‘]" Cerr]al kyl Rlerr]

Whl ch is i @< nikpkpeubsiitutéd phenfP-oraaphthyR err] - units are nethyl, ethyl,

propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl or

octadecyl each of mhlch IS substltuted by nethoxy ethoxy pr opoxy,
but oxy, met‘\ﬂgd wortthy, ofangnyion fin partielaspd compounds ofithe farmpladii nmhio}u Riris no,

di et hyl ani gQ.c giIRjI08Y-C98cRfAlkyPbLphehl-CACAIH! iR pafRURPEY.COpaLSLNOXY

The compounds of the formula I can be obtained by processes which are known per se in
chemistry. DE-A-2 950 694 describes a process for the preparation of corresponding
compounds by reacting a phosphorus trihalide, a phosphorous acid monoester dihalide or a
phosphorous acid diester halide with a phenol in the presence of an alkali metal hydroxide
or alkaline earth metal hydroxide.

The compounds according to the invention can accordingly be prepared by substituting the
chlorine in the diaryl phosphorochloridite by an alcohol or a phcnol in the presence of a
base.

t-C4Hg 1-C4Hg

‘ﬁoﬂ— P—clI R‘OH P—OR!
p 2

R! is as defined above.

In order to prepare dimeric and trimeric compounds of the formula I, the corresponding
polyols are used.

The bases used can be organic bases or inorganic bases. Examples of organic bases are
tertiary amines, eg. trimethylamine, triethylamine, N,N-dimethylaniline,
N,N-diethylaniline or pyridine. Examples of inorganic bases are alkali metal hydroxides,
for example sodium hydroxide or potassium hydroxide, or alkali metal carbonates, for
example sodium carbonate or potassium carbonate.
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-4- preferably ethyl which is substituted by nethoxy.
Cerr]-Cerr]Cycloal kyl Rerr], Rerr], Rerr], Rerr] and Rerr] may be,
for exanple, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl
or cycl ododecyl, preferably cyclopentyl or cyclohexyl, in particular

cycl ohexyl. Phenyl-Cerr]-Cerr]alkyl Rerr], Rerr], Rerr], Rerr] and
Rl err] are, for exanple, benzyl, 1-ph9$ylethyl,-2-pheny|ethy|,

3- phenyl propyl, [err]-methyl benzyl, [elr]-dimethyl benzyl, etc, preferably
benzyl or 1-phenylethyl. An aromatic radical Rerr] is preferably phenyl.

The substitution reaction temperatures are, for example, from -30°C to +150°C, préferably
from -10°C to +70°C. .

Solvents which can be employed are aliphatic and aromatic, simple or halogenated
hydrocarbons or ethers. Examples of suitable aromatic hydrocarbons are benzene, toluene
and xylene, and an example of a suitable chlorinated aromatic hydrocarbon is
chlorobenzene. Examples of aliphatic hydrocarbons which can be used as solvents are
hexane, pentane and further petroleum ether fractions. Examples of suitable halogenated
aliphatic hydrocarbons are methylene chloride and chloroform. Examples of suitable
ethers are diethyl ether, dibutyl ether and tetrahydrofuran.

The diaryl phosphorochloridite (II) and the alcohol RIOH are expediently employed in.
equivalent amounts, It is, however, also possible, for example, to use an excess of alcohol,
for example 1.05-1.2 equivalents.

A further method of preparing compounds according to the invention is to condense 2
equivalents of 2,4-di-tert-butyl-6-methylphenol with one equivalent of a phosphorus
compound RO-PCl, in the presence of an organic base.

The invention also relates to the compound of the formula II

t-C4Hg

i C»-i—— P—ClI an
p 2 .
t-C4Hg CH3 .

and to the use thereof for the preparation of compounds of the formula 1.

The preparation of phosphorochloridites is known to persons skilled in the art and is
described in numerous publications. The novel phosphorochloridite of the formula IX can
be prepared by analogous processes. For instance, H.G. Cook et al., J. Chem. Soc. 1949,
IV, 2921-2927, and A.J. Razumov et al., Chemical Abstracts 60, 1571g (1964), describe
the preparation of corresponding chlorides by reacting phosphorus trichloride with
alkanols in the presence of N,N-dimethylaniline or N,N-diethylaniline as acid acceptor. J.
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Substituted phenyl Rlerr] preferably contains 1 to 3 substituents, in
particular 1 or 2 substituents, and is, for exanple, chlorqg her}lyl
di chl orophenyl, trichl orophenyl , fl uorophenyl di f1 uorophen s Sheep i IBeenR eplaced

di met hyl phenyl, nesityl, ethyl phenyl, diethyl phenyl | soprop L”!U"I

tert-butyl phenyl, benzyl phenyl, phenylethyl phenyl, d|-t-buty

met hyl -di -tert-butyl phenyl, dodecyl phenyl, nethoxyphenyl, dinmethoxyphe

et hoxyphenyl, hexyl oxyphenyl, methoxyethyl phenyl or ethoxynethyl phenyl, in
particul ar p-tert-butyl phenyl. Al kyl and al koxy as aryl substituents

pref erably Miohmlskiletals haCheat. Soe. 1961, 4908, dlSdIbSBQrvhhﬁ‘l! bﬂﬂms d¥¥ln \rzf;félli %hebUt yl
h cCra

oar 1 oot ar - AESCEDEP eplcSEd i stisine(cin bR it Redtionyot ghosebegs g1 oup.

Hal ogen i s, tﬂchlq@dcmdmmeredcpﬂemlsmdlead meUSH:A B|28D5061£hd UﬂA-@GBﬂ 46!l ar

E{‘é?ifsaiﬁﬁif?}?%% re *‘?fS&‘”l%q"' it debmefof ool o )

-CN, - NR[ er PIER§Taig Rho gRP%torl]le fopgnulal]. They reaftphiogphonssi ch i s
i nterrupt Edtri&hlonﬂabﬁﬂlr euQal &, hosphifds! A-vafiftlok ﬁix%@w‘l[ss is described in

uqnglrj[)]st |C'£ 5{Q§C%&l(@gt}b¥1 tu?ggnﬁly d err% g[[gH :: tg: hal ogen, .
phenyl -Clerr]-C[err]alkyl and/or Cerr]-Cerr]al koxy, napht hyl , a radi cal
of t .he for rrHis%‘2,4-di-tert—butyl-6—mo:thyl) phosphorochloridite can also be prepared directly in the

melt without solvents. This allows the preparation of the phosphites of the formula I

without isolation of the intermediate.

(

The compounds of the formula I are highly suitable for s_tabilising organic materials
against photoinduced, thermal and/or oxidative degradation. The invention therefore also
relates to compositions comprising an organic material which is sensitive to degradation
reactions of this type, and at least one compound of the formula I, and to the use of
compounds of the formula I as stabilisers for organic materials against said types of
degradation.

Examples of such materials are:

1. Polymers of monoolefins and diolefins, for example polypropylene, polyisobutylene,
polybut-1-ene, polymethylpent-1-ene, polyisoprene or polybutadiene, as well as polymers
of cyclooieﬁns, for instance of cyclopentene or norbornene, polyethylene (which

- optionally can be crosslinked), for example high density polyethylene (HDPE), low
density polyethylene (LDPE) and linear low density polyethylene (LLDPE).

2. Mixtures of the polymers mentioned under 1), for example mixtures of polypropylene
with polyisobutylene, polypropylene with polyethylene (for example PP/HDPE,
PP/LDPE) and mixtures of different types of polyethylene (for example LDPE/HDPE).

3. Copolymers of monoolefins and diolefins with each other or with other vinyl
monomers, for example ethylene-propylene copolymers, linear low density polyethylene
(LLDPE) and its mixtures with low density polyethylene (LDPE), propylene-but-1-ene,.
propylene-isobutylene, ethylene-but-1-ene, ethylene-hexene, ethylene-methylpentene,
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If x =2, Rerr] is C[err]-C[err]aIkerne, Clerr]-Clerr]al kyl ene which is
interrupted by -NRerrf-, ~G—or -S, [err]
3, Rerr] |51ﬂ§,@xt}fascﬁeg{1( aldanetriyl or a

p
X
ha

(
a

rt
| o

[
|

1,
oge

n,

CHerr])[err] r]- group in which mis 1-4. Oher
cularlyln W unds of the fornula | are those in which,
Rl err]

aI kyl , err]-Clerr]al kyl substituted by
COCR[err] -CN, -NR[err]R ért] or by

ethylene-heptene, ethylene-octene, propylene-butadiene, isobutylene-isoprene,
ethylene-alkyl acrylate, ethylene-alkyl methacrylate, ethylene-vinyl acetate or
ethylene-acrylic acid copolymers and their salts (ionomers) and terpolymers of ethylene
with propylene and a diene, such as hexadiene, dicyclopentadiene or
ethylidenenorbornene; as well as mixtures of such copolymers and their mixtures with
polymers mentioned in 1), for example polypropylene/ethylene-propylene copolymers,
LDPE/ethylene-vinyl acetate copolymers, LDPE/ethylene-acrylic acid copolymers,
LLDPE/ethylene-vinyl acetate copolymers and LLDPE/ethylene-acrylic acid copolymers.

3a. Hydrocarbon resins (for example Cs-Co) and hydrogenated modifications thereof (for
example tackifiers).

4. Polystyrene, poly(p-methylstyrene), poly(a-methylstyrene). -

5. Copolymers of styrene or a-methylstyrene with dienes or acrylic derivatives, for
example styrene-butadiene, styrene-acrylonitrile, styrene-alkyl methacrylate,
styrene-butadiene-alkyl acrylate, styrene-maleic anhydride, styrene-acrylonitrile-methyl
acrylate; high impact strength mixtures of styrene copolymers and another polymer, for
example a polyacrylate, a diene polymer or an ethylene-propylene-diene terpolymer; and
block copolymers of styrene, for example styrene-butadiene-styrene, styrene-isoprene-
styrene, styrene-ethylene/butylene-styrene or styrene-cthylene/ propylene-styrene.

6. Graft copolymers of styrene or a-methylstyrene, for example styrene on polybutadiene,
styrene on polybutadiene-styrene or polybutadiene-acrylonitrile; styrene and acrylonitrile
(or methacrylonitrile) on polybutadiene; styrene, acrylonitrile and methyl methacrylate on
polybutadiene; styrene and maleic anhydride on polybutadiene; styrene, acrylonitrile and
maleic anhydride or maleimide on polybutadiene; styrene and maleimide on
polybutadiene, styrene and alkyl acrylates or methacrylates on polybutadiene, st.yrene and
acrylonitrile on ethylene-propylene-diene terpolymers, styrene and acrylonitrile on
polyalkyl acrylates or polyalkyl methacrylates, styrene and acrylonitrile on
acrylate-butadiene copolymers, as well as mixtures thereof with the copolymers
mentioned under 5), for instance the copolymer mixtures known as ABS, MBS, ASA or
AES polymers. | |

7. Halogen-containing polymers, such as polychloroprene, chlorinated rubber, chlorinated.
or chlorosulfonated polyethylene, copolymers of ethylene and chlorinated ethylene,

if x

| f
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-CONR[err]Rerr], (err]-Cerr]alkyl which is |nterrupted by - NR[err] -O
or -S, (err]-(err]alkenyl, (err]-C(err]cycloalkyl, B
phenyl -Clerr]-Cerr]al kyl, phenyl which is unsubst i t ut ed dThlsssuhsmastHn&k Spldd

Gere):qarrls ko, valogen, ey Clorv arelal k! and ﬂlllHllll!HMlllHlll

[err] if x =2, Rerr] is (e ]rIC[e r]al kyl e
Cerr]-Cerr]al kyl ene which is |nterrupted by - NR[err] -O or -S-,
[err] are hydrogen or Cerr]-Cerr]al kyl, and,

epichlorohydrin homo- and copolymers, in particular polymers from halogen-containing
vinyl compounds, for example polyvinyl chioride, polyvinylidene chloride, polyvinyl
fluoride, polyvinylidene fluoride, as well as copolymers thereof, for example vinyl
chloride-vinylidene chloride, vinyl chloride-vinyl acetate or vinylidene chloride-vinyl
acetate copolymers.

8. Polymers derived from «,8-unsaturated acids and derivatives thereof, such as
polyacrylates and polymethacrylates, polyacrylamides and polyacrylonitriles.

9. Copolymers from the monomers mentioned under 8) with each other or with other
unsaturated monomers, for instance acrylonitrile-butadiene, acrylonitrile-alky! acrylate,
acrylonitrile-alkoxyalky! acrylate or acrylonitrile-vinyl halide copolymers or
acrylonitrile-alkyl methacrylate-butadiene terpolymers.

10. Polymers derived from unsaturated alcohols and amines, or acyl derivatives thereof or
acetals thereof, such as polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl
benzoate, polyvinyl maleate, polyvinyl butyral, polyallyl phthalate or polyallylmelamine;

and their copolymers with olefins mentioned in 1) above.

11. Homopolymers and copolymers of cyclic ethers, such as polyalkylene glycols,
polyethylene oxide, polypropylene oxide or copolymers thereof with bisglycidyl ethers.

12. Polyacetals, such as polyoxymethylene and those polyoxymethylenes which contain
comonomers, for example ethylene oxide; polyacetals modified with thermoplastic
polyurethanes, acrylates or MBS.

13. Polyphenylene oxides and sulfides, and mixtures thereof with styrene polymers or
polyamides. '

14. Polyurethanes derived from polyethers, polyesters or polybutadienes with terminal
hydroxyl groups on the one hand and aliphatic or aromatic polyisocyanates on the other,
and precursors thereof. '

15. Polyamides and copolyamides which are derived from diamines and dicarboxylic acids
and/or from aminocarboxylic acids or the corresponding lactams, such as nylon 4, nylon 6,
nylon 6/6, 6/10, 6/9, 6/12 and 4/6, nylon 11, nylon 12, aromatic polyamides obtained from
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If x =3, Rerr] is (Jerr]-Cerr]al kanetriyl or a

-(CH err])[err]-N-(CHerr])[err]- group |n_,v_mJth_Ls_l_4 Preference S

gi ven to conpounds of the formula I in which,

X :
Clerr]-Cerr]alkyl, CJerr]-Cerr]alkyl wh.chThlE iﬁﬁ ﬁemfﬁrﬁy haI ogen,
, -CN or -NRerr]Rerr], Cerr] I's interrupted
-S-, (err]-(err]al kenyl err | phenyl Wmch

-COOR[ err]
by -O or

i's unsubstituted -

substituted by (Jerr]-C[err]alkyl or phenyl-Clerr]-Cerr]alkyl, naphthyl,

radical of f R%ieh€ dfthie and adipic acid; péljdnhides prepared from hexamethylenediamine and

isophthalic and/or terephthalic acid and optionally an elastomer as modifier, for example
poly-2,4,4-trimethylhexamethylene terephthalamide or poly-m-phenylene isophthalamide.

~ Block copolymers of the aforementioned polyamides with polyolefins, olefin copolymers,

ionomers or chemically bonded or grafted elastomers; or with polyethers, for instance with
polyethylene glycol, polypropylene glycol or polytetramethylene glycol. Further, EPDM-
or ABS-modified polyamides or copolyamides; and polyamides condensed during
processing ("RIM polyamide systems").

16. Polyureas, polyimides, polyamide-imides and polybenzimidazoles.

17. Polyesters derived from dicarboxylic acids and diols and/or from hydroxycarboxylic
acids or the corresponding lactones, such as polyethylene terephthalate, polybutylene
terephthalate, poly-1,4-dimethylolcyclohexane terephthalate and polyhydroxybenzoates as
well as block polyether-esters derived from polyethers having hydroxyl end groups; also

polycarbonate- or MBS-modified polyesters.

18. Polycarbonates and polyester carbonates.
19. Polysulfones, polyether sulfones and polyether ketones.

20. Crosslinked polymers derived from aldehydes on the one hand and phenols, urea or
melamine on the other, such as phenol/formaldehyde resins, urea/formaldehyde resins and
melamine/formaldehyde resins.

21. Drying and non-drying alkyd resins.

22. Unsaturated polyester resins derived from copolyesters of saturated and unsaturated
dicarboxylic acids with polyhydric alcohols, and vinyl compounds as crosslinking agents,
and also halogen-containing modifications thereof of low inflammability.

23. Crosslinkable acrylic resins, derived from substituted acrylic esters, for example epoxy
acrylates, urethane acrylates or polyester acrylates.

24. Alkyd resins, polyester resins or acrylate resins crosslinked with melamine resins, urea
resins, polyisocyanates or epoxy resins.

or
a

REPLACED
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hydrogen or nethyl, and R err] and R err] are hydrogen, if x =2, Rerr] is
C[err]-C[err]aI kyl ene or (Jerr]-Cerr]al kylene which is interrupted by
-NR[err]- or -O5and, ‘“I‘erT]—‘Further i nt eresting conpounds of the

formul a | are thmhéemyyryeglm hdax = 1, Rerr] is (Jerr]-Cerr]al kyl which

I s unsubstituted by hal ogen, -COOR{err], -CN or
-NR[err]Rerr], Cimmu amﬁ kyl which is |nterrupted by -NR[err]-, -O
or -S-, (err]- err]- é[érr]cycloal kyl , [err]

[err]

25. Crosslinked epoxy resins derived from polyepoxides, for example from bisglycidyl
ethers or from cycloaliphatic diepoxides.

26. Natural polymers, such as cellulose, natural rubber, gelatin and derivatives thereof
which are chemically modified in a polymer-homologous manner, such as cellulose
acetates, cellulose propionates and cellulose butyrates, or cellulose ethers, such as
methylcellulose; and colophony resins and their derivatives.

27. Mixtures (polyblends) of polymers as mentioned above, for example PP/EPDM,
polyamide/EPDM or ABS, PVC/EVA, PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS,
PC/ASA, PC/PBT, PVC/CPE, PVC/acrylates, POM/thermoplastic PUR, PC/thermoplastic
PUR, POM/acrylate, POM/MBS, PPO/HIPS, PPO/PA 6.6 and copolymers, PA/HDPE,
PA/PP, PA/PPO. -

28. Naturally occuring and synthetic organic substances which are pure monomeric
compounds or mixtures thereof, for example mineral oils, animal or vegetablg fats, oils
and waxes, or oils, waxes and fats based on synthetic esters (for example phthalates,
adipates, phosphates or trimellitates), and blends of synthetic esters with mineral oils in
any desired weight ratios, as used, for example, as spinning preparations, and aqueous
emulsions thereof.

29. Aqueous emulsions of natural or synthetic rubbers, for example natural rubber latex or
latexes of carboxylated styrene-butadiene copolymers.

The organic materials to be protected are preferably natural, semisynthetic or preferably
synthetic organic materials. Particular preference is given to thermoplastic polymers, in
particular PVC or polyolefins, for example polyethylene and polypropylene (PP).

The compositions according to the invention expediently contain the compounds of the
formula I in amounts of from 0.01 to 10 % by weight, for example from 0.05 to 5 % by
weight, preferably from 0.05t03 % by weight, but in particular from 0.1 to 2 % by
weight. It is possible for the compositions to contain one or more compounds of the
formula I, and the per cent by weight data relate to the total amount of these compounds.
The calculation is based on the total weight of the organic material without the compounds
of the formula I. Incorporation into the materials can be effected, for example, by mixing
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Preference is given to conpounds of the formula | in which x =1, Rerr] is
C[er—rT‘Cr’érrTaI kyl which is unsubstituted or substituted by hal ogen,
COORZpis Skebt Has Beeh| ?d]R[err] Cerr]-Cerr]alkyl which is interrupted by

E:[Ng re]r rm‘{m\m\‘mm I ?r i s phenyl - C[ljrr] -CJert]al kyl or

in or applying the compounds of the formula I and, if desired, further additives by methods
which are conventional in industry. If the materials are polymers, in particular synthetic
polymers, incorporation can take place before or during moulding or by applying the
dissolved or dispersed compounds to the polymer, if necessary with subsequent
evaporation of the solvent. In the case of elastomers, these may also be stabilised as
latexes. A further way of incorporating the compounds of the formula I into polymers is to
add them before, during or immediately after the polymerisation of the corresponding-
monomers or before the crosslinking. The compounds of the formula I can be added as
such or in encapsulated form (for example in waxes, oils or polymers). If added before or
during the polymerisation, the compounds of the formula I can also act as regulators for
the chain length of the polymers (chain terminators).

The compounds of the formula I or mixtures thereof can also be added to the plastics to be
stabilised in the form of a masterbatch which contains these compounds, for example, in a
concentration of from 2.5 to 25 % by weight.

Incorporaﬁon of the compounds of the formula I can expediently be effected by the
following methods:

- as an emulsion or dispersion (for example to latexes or emulsion polymers)

- as a dry mix during mixing of the additional components or polymer mixtures

- by direct addition into the processing apparatus (for example extruder, internal mixer,
etc)

- as a solution or melt.

Polymer compositions according to the invention can be used in varous forms or converted
into various products, for example as (into) films, fibres, tapes, moulding compositions,
profiles or as binders for surface coatings, adhesives or adhesive cements.

As stated above, the organic materials to be protected are organic, preferably synthetic
polymers. Particular preference is given to the protection of thermoplastic materials, in
particular polyolefins. The excellent effectiveness of the compounds of the formulaI as
processing stabilisers (heat stabilisers) should be particularly emphasised. For this
purpose, they are advantageously added to the polymer before or during processing
thereof.
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7 Preference is furthernore given to conpounds of the formula | in which

Rlerr] is (err]-Cferr]alkyl. Particular enphasis should aI so be : attached

to compounds of the formula I in which Rerr] is as defi Be
not unsubstituted or CJerr]-Cerr]al kyl-, hal ogen- or
Clerr]-ferr]al koxy-substituted phenyl or naphthyl. Al so

mention in particular are conpounds Qfjsthe formula I in which err

Cerr]-Cerr]alkyl, (err]-Cerr]cycloal kyl or phenyl-Clerr]-Clerr]al kyI
in particul ar C[err]-C[err]aI kyl .

However, it is also possible to stabilise other polymers (for example elastomers) or

'~ lubricants or hydraulic fluids against degradation, for example photoinduced and/or
thermooxidative degradation. Elastomers are given in the above list of possible organic
materials.

Suitable lubricants and hydraulic fluids are based, for example, on mineral or synthetic
oils or mixtures thereof. The lubricants are known to persons skilled in the art and are
described in the relevant specialist literature, for example in Dieter Klamann,
"Schmierstoffe und verwandte Produckte" [Lubricants and Related Products] (Verlag
Chemie, Weinheim, 1982), in Schewe-Kobek, "Das Schmiermittel-Taschenbuch” [The
Lubricant Handbook] (Dr. Alfred Hiithig-Verlag, Heidelberg, 1974), and in "Ullmanns
Enzyklopidie der technischen Chemie” [Ullmann’s Encyclopaedia of Industrial
Chemistry}, Vol. 13, pages 85-94 (Verlag Chemie, Weinheim, 1977).

The invention also relates to the stabilisation of organic materials against oxidative,
thermal and/or actinic degradation by adding or applymg, as stabilisers, compounds of the
formula I to this material.

In addition to the compounds according to the invention, the compositions according to
the invention, in particular if they contain organic, preferably synthetic polymers, may
also contain further conventional additives. Examples of such additives are:

1. Antioxidants

1.1. Alkylated monophenols, for example 2,6-di-tert-butyl-4-methylphenol,
2-tert-butyl-4,6-dimethylphenol, 2,6-di-tert-butyl-4-ethylphenol,
2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-butyl-4-isobutylphenol,
2,6-di-cyclopentyl-4-methylphenol, 2- (a-methylcyclohexyl)-4,6-dimethy1phenol;
2,6-di-octadecyl-4-methylphenol, 2,4,6-tricyclohexylphenol,
2,6-di-tert-butyl-4-methoxymethylphenol and 2,6-di-nonyl-4-methylphenol.

1.2. Alkylated hydroguinones, for examplé 2,6-di-tert-buiyl-4-methoxyphenol,
2,5-di-tert-butylhydroquinone, 2,5-di-tert-amylhydroquinone and
2,6-diphenyl-4-octadecyloxyphenol.

1.3, Hydroxylated thiodiphenyl ethers, for example
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The conpounds of the formula | can be obtained by processes which are known
per se in chemstry. DE-A-2 950 694 descri bes—a process for the preparation
of correspondi ng conpounds by reacting a phogpjiBhétHasBednRaplaced, a
phosphor ous acid nonoester dihalide or a phos i ester halide

wi th a phenol in the presence of an al kali rre{EmHmH or al kaline
earth netal hydroxide. The conpounds. ggcordi 0 I'nvention can
accordingly be prepared by substituting the chlorine in the diaryl
phosphorochl oridite by an al cohol or a phenol in the presence of a base.

[err] 2,3-thiotis(6gert-but§ B4 intettey 1ptienyy, 2,2’ -thidbiz(46étylpRer)gpar e di neric and
trimeric Comqﬂxri]o %s(gjterE-gl?tyf-g-rmrgﬁllﬁpﬂehols Qr?d 2,2r-trh?dct!?s(zg-%rp-gutyl-2~mcthylphenol).

1.4. Alkylidenebisphenols, for example 2,2’-methylenebis(6-tert-butyl-4-methylphenol),
2,2’-methylenebis(6-tert-butyl-4-ethylphenol), 2,2’-methylenebis[4-methyl-
6-(e-methylcyclohexyl)phenol], 2,2’-methylenebis(4-methyl-6-cyclohexylphenol),
2,2’-methylenebis(6-nonyl-4-methylphenol), 2,2’-methylénebis(4,6—di-tert-butylphenol),
2,2’-ethylidenebis(4,6-di-tert-butylphenol), 2,2’-ethylidenebis(6-tert-butyl-
4-isobutylphenol), 2,2 ’methylenebis[6-(a-methylbenzyl)-4-nonylphenol],
2,2’-methylenebis{6-(a,a-dimethylbenzyl)-4-nonylphenol], 4,4’-methylenebis(2,6-di-
tert-butylphenol),‘ 4,4’-methylenebis(6-tert-butyl-2-methylphenol),
1,1-bis(S-tert-butyl-4-hydroxy-2-methylphenyl)butane, 2,6-bis(3-tert-butyl-5-methyl-
2-hydroxybenzyl)-4-methylphenol, 1,1,3-tris(5-tert-butyl-4-hydroxy-
2-methylphenyl)butane, 1,1-bis(5-tert-butyl-4-hydroxy-2-methylphenyl)-
3-n-dodecylmercaptobutane, ethylene glycol bis[3,3-bis(3’-tert-butyl-
4’-hydroxyphenyl)butyrate], bis(3-tert-butyl-4-hydroxy-5-methylphenyl)-
dicyclopentadiene and bis[2-(3’-tert-butyl-2’-hydroxy-5’-methylbenzyl)-6-tert-
butyl-4-methylphenyl] terephthalate.

1.5. Benzyl compoﬁnds, for example,
1,3,5-tris(3,5-di-tert-butyl-4—hydroxybenzyl)—2,4,6—trimethylbenzene,
bis(3,5-di-tert-butyl-4-hydroxybenzyl) sulfide, isooctyl
3,5-di-tert-butyl-4-hydroxybenzylmercaptoacetate,
bis(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithiol terephthalate,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl) isocyanurate,
1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl) isocyanurate, dioctadecyl
3,5-di-tert-butyl-4-hydroxybenzylphosphonate, the calcium salt of monoethyl
3,5-di-tert-butyl-4-hydroxybenzylphosphonate and
1,3,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl) isocyanurate.

1.6. Acylaminophenols, for example 4—h§rdroxylauraf1i1ide, 4-hydroxystearanilide,
2,4-bis(octylmercapto)-6-(3,5-di-tert-butyl-4-hydroxyanilino)-s-triazine and octyl
N-(3,5-di-tert-butyl-4-hydroxyphenyl)carbamate.

1.7. Esters of 8-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid with monohydric or
polyhydric alcohols, for example with methanol, octadecanol, 1,6-hexanediol, neopentyl
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pol yol s are used.-.The bases used can be organi c bases or inorganic bases.
Exanpl es of organjﬂg:i bases are tertiary am nes, eg. trinethylam ne,

triethylamne, N, cepeplagsd N, N- di et hyl ani | i ne or pyri di ne.
al kal i metal hydroxides, for exanple sodium
, or alkali. metal carbonates, for exanple

Exanpl es of inorgai
- hydr oxi de or potas
sodi um car bonate or potassium carbonatg..
- 8- The substitution reaction tenperatures are, for exanple, from
-30[err]C to +150[err]C, preferably
glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol,

tris(hydroxyethyl) isocyanurate and N,N’-bis(hydroxyethyl)oxalamide.

- 1.8. Esters of g-(5-tert-butyl-4-hydroxy-3-methylphenyl)propionic acid with monohydric
or polyhydric alcohols, for example with methanol, octadecanol, 1,6-hexanediol,
neopentyl glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol,
pentaerythritol, tris(hydroxy)ethyl isocyanurate and N,N’-bisthydroxyethyl)oxalamide.

1.9. Esters of p-(3.5-dicyclohexyl-4-hydroxyphenyl)propionic acid with monohydric or
polyhydric alcohols, for example with methanol, octadecanol, 1,6-hexanediol, neopentyl
glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol,
tristhydroxy)ethyl isocyanurate and N,N’-bis(hydroxyethyl)oxalamide.

1.10. Amides of g-(3.5-di-tert-butyl-4-hydroxyphenyl)propionic acid, for example
N,N’-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hexamethylenediamine,
N,N’-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)trimethylenediamine and
N,N’-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hydrazine.

2. UV absorbers and light stabilisers

2.1, 2-(2’-Hydroxyphenyl)benzotriazoles, for example the 5’-methyl, 3°,5°-di-tert-butyl,
5’-tert-butyl, 5°-(1,1,3,3-tetramethylbutyl), 5-chloro-3’,5’-di-tert-butyl,
5-chloro-3’-tert-butyl-5°-methyl, 3’-sec-butyl-5’-tert-butyl, 4’-octoxy, 3°,5°-di-tert-amyl
and 3°,5°-bis(a,a-dimethylbenzyl) derivatives.

2.2. 2-Hydroxybenzophenones, for example the 4-hydroxy, 4-methoxy, 4-octoxy,
4-decyloxy, 4-dodecyloxy, 4-benzyloxy, 4,2’,4’-trihydroxy and 2’-hydroxy-
4,4’-dimethoxy derivatives.

2.3. Esters of substituted or unsubstituted benzoic acids, for example 4-tert-butylphenyl
salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoylresorcinol,
bis(4-tert-butylbenzoyl)resorcinol, benzoylresorcinol, 2,4-di-tert-butylphenyl
3,5-di-tert-butyl-4-hydroxybenzoate and hexadecyl 3,5-di-tert-butyl-4-hydroxybenzoate.

2.4, Acrylates, for example ethyl or isooctyl a-cyano-g,3-diphenylacrylate, methyl
o-carbomethoxycinnamate, methyl or butyl o-cyano-g-methyl-p-methoxycinnamate,
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from-10[err]C to +7Q[err]C Sol vents which can be enployed are aliphatic
and-aromati €, siInple or hal ogenated hydrocarbons or ethers. Exanples of
sui t@ lsﬁ‘ee@{aenahllcplahgﬁdrocar bons are benzene, toluene and xyl ene, and an

exarrp | e chlorinated aromati c hydrocarbon is chl orobenzene.
Exanp \m I ¢ hydrocarbons which can be used as solvents are
hexan n further petroleumgther fractions. Exanples of suitable

hal ogenat ed aI [ phat i ¢ hydrocarbons are nethylene chloride and chl orof orm
Exanpl es of suitable ethers are diethyl ether, dibutyl ether and

t et r ahy dr ofrétByl. a-cartidifetho: pcinemwﬁk%m&mrw@ &aﬁb&h&tﬁo:@@cﬁaﬂ@wﬁ%ﬁﬂhm
Rl err] OH a[ﬂe {h%dé(g]}gt |y errpl oyed i n equi val ent anounts owever,
al so possi fnpl e, to use an excess of alcohol, for exanple

1.05-1. 2 equi val ents. A further nethod of pr epar i ng corrpounds accordi ng
t204t 2? ![ QYtM@%ﬁ‘F&GW&%ﬁﬁf val ent of a phosphorus
conpound R[%?'rthiobe{#-(bi Bp-tbmmnubylputabelmellmucms be § drdompiexser the 1:2
complex, if appropriate with additional ligands, such as n-butylamine, triethanolamine or
N-cyclohexyldiethanolamine, nickel dibutyldithiocarbamate, nickel salts of monoalkyl
4-hydroxy-3,5-di-tert-butylbenzylphosphonates, such as the methyl or ethyl ester, nickel
complexes of ketoximes, such as 2-hydroxy-4-methylphenyl undecyl ketoxime, and nickel
complexes of 1-phenyl-4-lauroyl-5-hydroxypyrazole, if appropriate with additional
ligands.

2.6. Sterically hindered amines, for example bis(2,2,6,6-tetramethylpiperidyl) sebacate,
bis(1,2,2,6,6-pentamethylpiperidyl) sebacate, bis(1,2,2,6,6-pentamethylpiperidyl)
n-butyl-3,5-di-tert-butyl-4-hydroxybenzylmalonate, the condensation product formed from
1-hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, the
condensation product formed from N,N’-bis(2,2,6,6-tetramethyl-4-piperidyl)-
hexamethylenediamine and 4-tert-octylamino-2,6-dichloro-1,3,5-s-triazine,
tris(2,2,6,6-tetramethyl-4-piperidyl) nitrilotriacetate,
tetrakis(2,2,6,6-tetramethyl-4-piperidyl) 1,2,3,4-butanetetraocate and
1,1’~(1,2-ethanediyl)bis(3,3,5,5-tetramethylpiperazinone).

2.7. Oxalic acid diamides, for example 4,4’-di-octyloxyoxanilide,
2,2’-di-octyloxy-5,5’-di-tert-butyloxanilide, 2,2’-di-dodecyloxy-
5,5°-di-tert-butyloxanilide, 2-ethoxy-2’-ethyloxanilide,
N,N’-bis(3-dimethylaminopropyl)oxalamide, 2-ethoxy-5-tert-butyl-2’-ethyloxanilide and
a mixture thereof with 2-ethoxy-2’-ethyl-5,4’-di-tert-butyloxanilide or mixtures of
o-methoxy- and p-methoxy-disubstituted oxanilides and of o-ethoxy- and
p-ethoxy-disubstituted oxanilides.

2.8. 2-(2-Hydroxyphenyl)-1.3,5-triazines, for example
2,4,6-tris(2-hydroxy-4-octyloxyphenyl)-1,3,5-triazine,
2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine,
2-(2,4-dihydroxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine,
2,4-bis(2-hydroxy-4-propyloxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine,
2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-methylphenyl)-1,3,5-triazine and
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The invention also relates to the conmpound of the fornmula Il
t-CAHO [err] and to the use thereof for the preparation of compounds
of the fornmula I. The preparation of phosphorochl ori di tBs Shet a3 Bedn Reflaced

persons skilled in the art and is described in nunerous pu e
novel phosphorochloridite of the formula Il can be prepare
processes. For instance, H G Cook etigl., J. Chem Soc. 1

2921-2927, and A.J. Razunov et al., Chem cal Abstracts 60, 1571g (1964)
descri be the preparation of corresponding chlorides by reacting phosphorus

trichlori dﬂ(%?&oﬁ&h&iﬂdh@ld}ﬂphél@l)m e%fs(m-daﬁethylbhaﬂym 3 3ltAddidd, ne or
N, N-di et hyl aniline as acid acceptor :
3. Metal deactivators, for example N,N’-diphenyloxalamide,
N-salicylal-N’-salicyloylhydrazine, N,N’-bis(salicyloyl)hydrazine,
N,N’-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hydrazine,
3-salicyloylamino-1,2,4-triazole and bis(benzylidehe)oxalodihydrazide.

4. Further phosphites and phosphonites, for example triphenyl phosphite, diphenyl alkyl
phosphites, phenyl dialkyl phosphites, tris(nonylphenyl) phosphite, 'trilauryl phosphite,
trioctadecyl phosphite, distearyl pentaerytlmtyl diphosphite, tris(2, 4-d1-tert-butylphenyl)
phosphite, diisodecyl pentaerythrityl diphosphite, bis(2,4-di-tert-butylphenyl)
pentaerythrityl diphosphite, tristearyl sorbitol triphosphite, _
tetrakis-(2,4-di-tert-butylphenyl) 4,4’-biphenylenediphosphonite and
3,9-bis(2,4-di-tert-butylphenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro[5.5}undecane.

3. Peroxide scavengers, for example esters of p-thiodipropionic acid, for example the
lauryl, stearyl, myristyl and tridecyl esters, mercaptobenzimidazole, the zinc salt of
2-mercaptobenzimidazole, zinc dibutyldithiocarbamate, dioctadecyl disulfide and
pentaerythrityl tetrakis(p-dodecylmercapto)propionate.

6. Benzofuranones and indolinones, as described, for example, in WO-A 80/01 566 and
EP-A 415 887.

7. Polyamide stabilisers, for example copper salts in combination with iodides and/or
phosphorus compounds and salts of divalent manganese.

8. Basic costabilisers, for example melamine, polyvinylpyrrolidone, dicyandiamide,
triallyl cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides,

- polyurethanes, alkali and alkaline earth metal salts of higher fatty acids, for example
calcium stearate, zinc stearate, magnesium stearate, sodium ricinoleate and potassium
palmitate, antimony pyrocatecholate and tin pyrocatecholate.

9. Nucleating agents, for example 4-tert-butylbenzoxc ac1d adipic acid and diphenylacetic
acid.

10. Fillers and reinforcing agents, for example calcium cérbonate, silicates, glass fibres,
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-9- M chal ski et al., J. Chem Soc. 1961, 4904, disclose a variant of
this process in which the acid acceptor enployed—ts=a e . .
pyridi ne/diethylaniline mxture. Reactions hispieREBdeh RedistdsChl Oride with
hi ndered phenol s are disclosed in US-A-3 281 584 146. H G
Cook et al., J. Chem Soc., 1949, 1V, 2921-29‘2”1]”@ H further nethod
of preparing phosphorochloridites analggous t % 1. They react
phosphorus trichloride with symmetrical trial kyl phosphites. A variant of
this process is described in US-A-4 079 103.

Bi s(2, 4- di - asbested) tly, kablinymtiby, bhriwrh aslfe, rmsthll oxides hhEhyfokiddss Carbéh Hla@Laiged
directly i ngl%gﬁ’ém' t without solvents. This allows the preparation of the
phosphi t es W formula | without isolation of the internediate.

11. Other additives, for example plasticisers, lubricants, emulsifiers, pigments, optical
brighteners, flameproofing agents, antistatic and blowing agents.

The examples below illustrate the invention in greater detail. Parts and percentages, as in
the claims and the remainder of the description, are by weight, unless stated otherwise.

Example 1: Preparation of bis(2,4-di-ten—butyl—6—methylphenyl) phosphorochloridite

890.3 g (4 mol) of 2,4-di-tert-butyl-6-methylphenol, 4.2 g of dimethylformamide and _
170.0 g of xylene are introduced into a four-neck flask which has been flushed with
nitrogen and is fitted with a thermometer, dropping funnel, reflux condenser and
distillation attachment. 274.9 g (2 mol) of phosphorus trichloride are added dropwise with
stirring over the course of 1.5 hours at a temperature of 50°C. The reaction mixture is
warmed to 130°C and refluxed at this temperature for 1 hour. The reaction mixture is kept
at 120°C for 1 hour under a vacuum of 0.15 bar. Xylene is subsequently removed by
distillation under a greater vacuum. After the vacuum has been broken using nitrogen,
959.5 g (1.9 mol) of the title compound are obtained as supercooled, yellow-orange, clear
melt.

Purity: 98 % (determined using 3!P-NMR)

Purification: distillation at 204°C/0.0002 bar.

Example 2: Preparation of bis(2,4-di-tert-butyl-6-methylphenyl) methyl phosphite

300 g (1.36 mol) of 2,4-di-tert-butyl-6-methylphenol are introduced into a 1500 ml
sulfonation flask fitted with thermometer, stirrer and reflux condenser, and the reactor is
flushed with nitrogen. The mixture is warmed to 55°C in order to melt the phenol, and

1.5 g of dimethylformamide are added to the melt. 102.7 g (0.75 mol) of phosphorus
trichloride are added dropwise over the course of 1.5 hours at the same temperature. The
hydrochloric acid gas produced is neutralised by means of a 30 % aqueous sodium
hydroxide solution. When the addition is complete, the reaction mixture is heated to
140°C over the course of 4 hours and stirred at this temperature for a further hour. A slight
vacuum (0.55 bar) is then applied, and the mixture is stirred at 130°C for a further 4 hours.
The clear yellow-orange melt obtained (= bis(2,4-di-tert-butyl-6-methyl) phosphoro-
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The conpounds of the formula | are highly suitable for stabilising organic
mat eri al s agai nst phot oi nduced, thermal and/or oxidative degradation. The
i nvention therefore also relates to conpositions conprising an organic
material which is sensitive to degradation reactions of this type, and at

| east one conpound of the fornula I, and to the use of conpounds of the
formula | as stabilisers for organi c -pgterials against said types of
degradati on. Exanples of such materials are: 1. Polyners of nonool efins

and diol efins, for exanple pol ypropyl ene, polyisobutyl ene, polybut-1-ene,
pol ynet hy| pritidite)§§ithen anéww@rzbene aBERBDIO i PEIBHS avdbsphete and s difhedrer s of

Cuni on opt rafiioBimtelrefaletn guef 16 BRFC) fbF s@saa«?v%%%?@ aeﬁanﬁiﬁw'
pol yet hyl ei@884ibh)of ticthylainins iateyadded yetrihel cvnrse of DPminuassol32.8 gd2.02 mwd) sfensi ty
St o SR a0l S N D e
pol yet hyl e wées(tﬂd'r5°6>%a¢rﬁ16éﬂ hymchlmé; prepipitates. t'Imsemxmre tﬂ dipwedtn types
of pol yet hydaema1dwip (abdseIRéR) told66 iderature with stirring. The precipitate is filtered

off and the filtrate is evaporated, giving 328 g of phosphite as a yellow oil (purity

determined by high pressure liquid chromatography [HPL.C]: 94 %). Recrystallisation of

the crude product from ethanol gives 262 g (77 % of theory) of the title compound in the

form of a white powder 'having a melting point of 75-78°C.

Elemental analysis: P calc.: 6.19 % found: 6.19 %

Examples 3-33: The compounds of Examples 3-33 are prepared analogously to the
compound of Example 2 using the alcohol or phenol corresponding to the substituent R1.
The substituents and analytical data are shown in Table 1 below.

t"C4H9

i Q—-}‘ P—OR!
2
t-C4Hg H3
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3. Copolyners of nonoolefins and diolefins with each other or with other

vi nyl nmononers, for exanpl e ethyl ene-propyl ene copolyners, |inear |ow
density pol yethylene (LLDPE) and its mxtures with | ow density pol yet hyl ene
(LDPE), propyl ene-but-1-ene, propyl ene-isobutyl ene, ethylene-but-1-ene,

et hyl ene- hexene, et hyl ene-net hyl pent ene, _

- 10- et hyl ene- hept ene, ethyl ene-ocigne, propyl ene- but adi ene,

i sobutyl ene-isoprene, ethylene-alkyl acrylate, ethylene-alkyl methacrylate,
et hyl ene-vinyl acetate or ethylene-acrylic acid copolyners and their salts
(1 ononers) ?ggletilerpol ynmers of ethylene with propyl ene and a di ene, such as

hexadi ene, cvcel onent adi epne or
Example Ry Yield Meliing point [*C] Elemental analysis

No. [%  Refractiveindex n3 %Pcdc. %P found

3 CoHs 65 91 6.02 6.01

4 n-C3Hy 60 57-58 5.86 5.70

T 5 i-C3Hy 64 104-105 5.86 5.80

6 n-CgHy3 9 high viscosity 543 549

7 C4H9-C|H-CH2- 95 15173 - 517 5.16

CoHs

8 n-CyqHzs 98 1.5107 473 471

9 i-CyoHay 95 high viscosity 494 499

10 |iCionsHospr 79 high viscosity e 4.65

11 n-CygHay 93 1.5061 4.19 4.19

12 i-CygH37 91 1.5036 4.19 4.10

13 -(CHyp),-OCH3 70 yellowish oil 5.69 544

14 -(CHyCH,-0-)3-C4Hg 97 1.5119 459 448

15 {CHy)p-5-CoHs 98 high vnscosuy 539 518

16 «CHy),-CF3 72 72 545 540

17 «CHp)y-CN 55 139 5.74 5.70

18 {CHp)3-N(CH3) 65 yellowish oil 542 530

19 -CHoC09-"C4Hg 96 high viscosity 5.16 490

20 benzyl 97 high viscosity 537 546

21 -(CHy)p-C¢Hs 74 78-80 524 518

cyclohexyl 64 . high viscosity | 545 522

23 phenyl 80 _ 96'-95 550 552
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et hyl i denenor bornene; as well as m xtures of such copolynmers and their
"mxtures with polyners nentioned in 1), for exanple
pol ypr opyl ene/ et hyl ene- pr opyl ene copol yners, LDPE/ ethyl ene-vinyl acetate
copol yners, LDPE/ethyl ene-acrylic acid copol ymers, LLDPE/ ethyl ene-vinyl
acetate copol yners and LLDPE/ et hyl ene-acrylic acid copol ynmers. 3a.
Hydrocarbon resins (for exanple Clerr] §1err]) and hydr ogenat ed
nodi fications thereof (for exanple taéilfiers). 4. Pol ystyrene,
pol y(p-net hyl styrene), poly([err]-nmethylstyrene). 5. Copol yners of
styrene or l«-frethyl st yrene with dienes or acrylic derivatives, for

Tahe g

Y

exanpl e sty oA J' styrene-acrylonitrile, styrene-alkyl

met hacryl at rene-buf adi ene- al kyT rylake,. styrene- fal el nhyari de,
styrene- acr{yighi tlri | e®het hyl acryl at e; %% gh 5 .% Fpﬁn%ﬂe‘rﬁ???’(i?es of
styrene cogol ynerfs and anot her pol ynej, r BRI K o[ acélr'yf*’gtf‘ié‘"ie di ene
pol ymer or |an et Ryl ene-propyl ene-di en¢ terpoj yner, and b|ock copol yngdrs of
styrene, fdr ®mxanpl espkdyr ene- but adi eng- 83 yr ehe, 1061091 ene- | saPs ene-49t \|r ene,

styrene- et Hyl ene/|but y -styrene or $tyrenefethyl ene/ pfopyl ene-styrflene.
25 55 154-156 5.00 499
: CoHjg
26 _@_ +CyHo 97 high viscosity 450 453

| / '
27 I %9 1.5508 455 430
CH3 —
‘lfﬂs -
28 <’: CH,C(CHy)s 78 117-120 459 444
CHs

CHg
CHa :
29 N-CHj 54 63-70 484 479
CH, |
CH
CI%
CHs
30  \m 32 55-75 495 4.81
CHg
HaCH,
HaC
31 (CH)F N CH Y & 69-78 4.62 4.60
HsC
H3C
32 -CHy-CH=CH, ' 63 8182 5.88 5.84
+CaHy
33 «CHy) OH | 25 " high viscosity 439 42
CHj
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6. Gaft copolynmers of styrene or [err]-nethylstyrene, for exanple styrene
on pol ybut adi ene, styrene on pol ybut adi ene-styrene or

pol ybut adi ene-acrylonitrile; styrene and acrylonitrile (or

met hacrylonitrile) on pol ybutadi ene; styrene, acrylonitrile and nethyl

nmet hacryl ate on pol ybut adi ene; styrene and nal ei ¢ anhydri de on

pol ybut adi ene; styrene, acrylonitrile gnd mal eic anhydride or nal ei mde on
pol ybut adi ene; styrene and mal.ei ni de on pol ybut adi ene, styrene and al kyl
acrylates or nethacryl ates on pol ybut adi ene, styrene and acrylonitrile on
et hyl ene- p%g}m@ne terpolymers, styrene and acrylonitrile on

pol yal kyl acryTates or polyal kyl nmethacryl ates, styrene and acrylonitrile
on acryl at e- but adi ene copol yners, as well as m xtures thereof with the
copol ynmers menti oned~ynder EXQHSOF i gst ance, t he copol yner m xtures known as
ABS, MBS, ASA or AEY pol yner s : | o en- ontai ning polyners, such as
pol ychl oroprene, chlpfi nateg RBd or chl orosul fonated

pol yet hyl ene, copol ypers of .Iene and ch ori nat ed et hyl ene,

The compounds of Examples 34-36 are prepared analogously to the compound of
Example 2 using the polyol corresponding to the substituent R1. Two equivalents of both
bis(2,4-di-tert-butyl-6-methyl) phosphorochloridite and base are used for the compounds
where x = 2, and three equivalents of bis(2,4-di-tert-butyl-6-methyl) phosphorochloridite
and three equivalents of base are correspondingly used for the trimeric compound (x = 3)..‘
The substituents and analytical data are shown in Table 2 below.

Table 2:
Example Ry x Yield Melting point [*C] Elemental analysis
No. [%]  |Refractiveindex \20 % Pcalc. % P found
34 -(CHp)g- 2 49 168 5.87 5.82
35 -(CHy),-0-(CHy),- 2 75 | 40-50 (amorphous) 594 5.36
36 {CHp) —HN — (CHp)p-| 3 63 136137 5.86 5.74

. Example 37: Stabilisation of polypropylene

1.3 kg of polypropylene powder (melt flow index 3.2 g/10 min, measured at

230°C/2.16 kg) are mixed with 0.05 % of calcium stearate, 0.05 % of tetrakis[3,5-di-
tert-butyl-4-hydroxyphenylpropionyloxymethyljmethane and 0.05 % of the stabiliser
indicated in Table 3. This mixture is extruded at 100 rpm in an extruder having a barrel
diameter of 20 mm and a length of 400 mm, the 3 heating zones being set at 260°C, 270°C
and 280°C. The extrudate is cooled by drawing through a waterbath and is subsequently
granulated. The granules obtained are extruded a second and third time. After these three
extrusions, the melt flow index is measured at 230°C/2.16 kg. Small values indicate good
stabilisation. The results are shown in Table 3.
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epi chl or ohydri n hono- and copol yners, in particular polyners from

hal ogen- cont ai ni ng vi nyl conpounds, for exanple polyvinyl chloride,

pol yvi nyl i dene chl oride, polyvinyl fluoride, polyvinylidene fluoride, as
wel | as copolyners thereof, for exanple vinyl chloride-vinylidene chloride,
vinyl chloride-vinyl acetate or vinylidene chloride-vinyl acetate
copolyners. 8. Polyners derived fromggerr]-unsaturated acids and
derivatives thereof, such as polyacrylates and pol ynet hacryl at es,

pol yacryl am des and pol yacrylonitriles. 9. Copol yners fromthe nononers
mentioned under 8) with each other or with other unsaturated nononers, for
I nst ance acrylonitritﬁ-b tadi ene, acrylonitrile-alkyl acrylate,

acrylonitrile-al kox acrylate or acrylonitrile-vinyl halide copol yners
or acrylonitrile-al Lybmpmaaﬁmcr yl Meefidatiaadi ehe 't er pol yners. 10. Polyners
derived from unsat ujatgpatcohol|s gAgmam neg, or acyl derivatives thereof
or acetal s thereof, [sueh—as—petprry—ateehdl, pol yvinyl acetate, polyvinyl
stearate, polyvinyl - 17.8

2 6.1

3 6.6

4 58

5 102

6 6.0

7 6.7

8 58

9 62

10 8.7

11 7.1

12 70

13 8.7

16 95

Example 38: Stabilisation of polyethylene

100 parts of unstabilised high-density polyethylene having a molecular weight of about
500,000 in powder form are mixed in the dry state with 0.05 part of
tetrakis(3,5-di-tert-butyl-4-hydroxyphenylpropionyloxymethyljmethane and 0.1 part of the
stabiliser indicated in Table 4. The mixture is kneaded for 50 minutes at 220°C and 50
rpm in a Brabender Plastograph. During this time, the kneading resistance is recorded
continuously as torque. As a consequence of the crosslinking of the polymer, a rapid
increase in torque occurs during the kneading time after initially remaining constant. The
effectiveness of the stabilisers is apparent from an increase in the time before the torque
increases. The values obtained are shown in Table 4.
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benzoate, polyvinyl naleate, polyvinyl butyral, polyallyl phthalate or

pol yal Iyl mel am ne; and their copolynmers with oleflns mentioned in 1) above.
11. Honopol yners and copol yners of cyclic ethers, such as pol yal kyl ene

gl ycol s, polyethylene oxide, polypropyl ene oxide or copolyners thereof with
bi sgl yci dyl ethers. 12. Polyacetals, such as pol yoxynet hyl ene and those
pol yoxynet hyl enes whi ch contain comonegers, for exanple ethylene oxide;

pol yacetal s nodified with thernopl astic pol yurethanes, acrylates or MBS.

13. Pol yphenyl ene oxi des and sul fides, and m xtures thereof with styrene
pol ymers or pol yam d€shle Mfl Fblyurethanes derived from pol yet hers,

pol yesters or pol yb ﬂm m&m g%L‘hyd oxyl groups on the one hand
E0GY P y on the other, and precursors
are derlved from di am nes

and aliphatic or ar
thereof. 15. Pol yang

and di carboxylic aci on1aﬁPnocarboxyI|c acids or the
correspondi ng | act anfs, Gch as fpylon®2, nylon §, nylon 6/6, 6/10, 6/9, 6/12
and 4/6, nylon 11, Ion412 ar)natigbpolyanides obt ai ned from

5 13.0

6 15.0

7 2.5

8 17.0

9 : 19.0

10 165

1 140

12 170

13 135

16 15.0
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-12- m xyl ene, di am ne and adi pi ¢ aci d; pol yam des prepared from
hexanet hyl enedi am ne and i sophthalic and/or terephthalic acid and
optionally an el astonmer as nodifier, for exanple

poly-2, 4, 4-trinet hyl hexanmet hyl ene ter epht hal am de or poly-m phenyl ene

I sopht haI ami de. Bl ock copolyners of the aforenentioned_pol yam des—wth-—

pol yol efins, olefin copolyners, ionogers or chemically S(Bcengzreg;ct,@d
el astonmers; or with polyethers, for Stance with polye

r copol yani des; and pol yani des condenseili ng

pol ypropyl ene glycol or polytetranethylene glycol. Furt
ABS- nodi fy 1§
processin pol'ya é systens").

1. A compound of the formula I

t-CyHg
| i o—}rp—ﬂ—m
t-C4Hq Hy 2 X

inwhichxis 1,2 0r3,and,

if x = 1, R! is C;-Csgalkyl, C,-C;zalkyl substituted by halogen, -COOR?, -CN, -NR3*R* or
by -CONR3R?, C,-C; salkyl which is interrupted by -NRS-, -O- or -8-, C3-C, gatkenyl,
C;-C;ocycloalkyl, phenyl-C,-Cyalkyl, phenyl which is unsubstituted or substituted by
C;-C,alkyl, halogen, phgr':yl-Cl-C‘talkyl and/or C,-Calkoxy, orﬂ%l is naphthyl, a radical

3
CH,
_ RS
of the formula N—R s
CHg
CHg
Rio
-{CHy) 5 OH
Rq4

R,, R3, R, and Rs, independently of one another, are hydrogen, C;-C;salkyl,

Cs-Cyocycloalkyl or phenyl-C;-Cyalkyl, RS is hydrogen, methyl, allyl or benzyl, R7 is

hydrogen or -OR?, R8 is hydrogen or methyl, R?.is hydrogen or C,-Csgalkyl, R1% and R,

independently of one another, are hydrogen or C;-Cgalkyl, and n is 3-6,

with the proviso that R! is not a phenyl radical which is substituted in both ortho-positions
~ to the carbon atom bonded to the oxygen atom,

if x =2, R! is C;-Cygalkylene, C,-Cigalkylene which is mterrupted by -NR-, -O- or -§-,

CH,
CHs

orisa N— (CHa)z- radical, and,

CH
CHy °

[TTIITR
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16. Pol yureas, polyim des, polyam de-im des and pol ybenzi m dazol es. 17.
Pol yesters derived fromdicarboxylic acids and diiols andlor from
hydr.oxycar boxyl i c acids or the correspondi ng Iactones such as polyet hyl ene
t er epht hal at e, pol ybutyl ene terephthal ate, poly-1, @ ah e@R ¢dohexane

t erepht hal ate and pol yhydr oxybenzoates as wel |l as -esters
derived from pol yet hers having hydrog& end groups onate- or
MBS- nodi fi ed pol yesters. 18. Pol ycdt®bonat es and polyester car onates

19. Pol ysul fones, pol yether sul fones and pol yet her ket ones.

Crosslinked pol yners derived from al dehydes on the one hand and phenols,
urea or nelam ne on the other, such as pﬁenol/fornaldehyde resins,

ﬁgﬁaé 1; glr @ﬂ?%ﬁe}g fcgm%ﬁ%ram@ﬁg NS Rub &P bR m RY-4.0yi ng and

2. A compound of the formula I according to claim 1, in which, if x = 1, R! is C;-Cypalkyl,
C,-C;salkyl substituted by halogen, -COOR?Z, -CN, -NR3R* or by -CONR3R?, C,-C,galkyl
which is interrupted by -NR-, -O- or -S-, C3-Cygalkenyl, Cs-C;,cycloalkyl,
phenyl-C,;-C,alkyl, phenyl which is unsubstituted or substituted C,-C;,alkyl, halogen,
phenyl-C,-C,;alkyl and/or C;-C,alkoxy, or R, is naghthyl a radical of the formula

CH3 _ CHy Rio
6 ' CH, '
N—R" R N——CH,CH— or -{CH2) OH
CH, -\ cH,
CH, | CHg R11
if x =2, R1is C,-Cygalkylene, C,-C,galkylene which is interrupted by -NR3-, -O- or -S-,
CH,
CH,
orisa N— (CHa)2- radical, and,
CH
CHy °

if x =3, Rl is C;-Cppalkanetriyl ora -(CHp)mN-(CHy)~ group in which m is 1-4.

3. A compound of the formula I according to claim 2, in which, if x = 1, R! is C;-Cyjalkyl,
C,-C;,alkyl substituted by halogen, -COOR?Z, -CN, -NR3R* or by -CONR3R?, C,-C,zalky!
which is interrupted by -NR3-, -O- or -§-, C3-C;zalkenyl, Cs-C;scycloalkyl,
phenyl-C;-C,alkyl, phenyl which is unsubstituted or substituted by C,-C,,alkyl, halogen,
phenyl-C, -C4a1ky1 and/or C,-Calkoxy, or R, is naphthyl a radical of the formula

CHg

cH I
6 3
Ry4

ifx=2,Rlis Cz-Clzalkylene, Q-Clzamylene which is interrupted by -NR>-, -O- or -S-,

HIIIIIl IHIH-IIIH lll!l ll lIIl
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22. Unsaturated pol yester resins derived from copol yesters of saturated and

unsaturated di carboxylic acids wth pol yhydri ¢ alcohols—and vi nyl
conpounds as crosslinking agents, and al so ha]hsﬁhmmasean{epmgj nodi fi cations

t hereof of low inflammbility. 23. Crosslink esins, derived
fromsubstituted acrylic esters, for exanple e Uﬁ'gﬂ% ur et hane
acryl ates or polyester acryl ates. 249 _Al kyd resi resins or
acrylate resins crosslinked with nel am ne resins, urea resi ns,
polylsocyanates or epoxy resins.

CHg
*CH,

orisa N— (CHaz- radical, and R and R}, independently of one another, are

CH
CHg °

hydrogen or C,;-C,alkyl, and,

if x =3, R} is C4-Cp,alkanetriyl ora -(CH,),-N-(CH,)- group in which mis 1-4.

4. A compound of the formula I according to claim 3, in which, if x = 1, R! is C;-Cypalkyl,
C,-Cgalkyl which is substituted by halogen, -COORZ, -CN or -NR3R4, C,-Cgalky! which

is interrupted by -O- or -S-, C3-Cgalkenyl, Cs-Cgcycloalkyl, phenyl which is unsubstituted -
or substituted by C,-Cnalkyl or phenyl-C;-C,alkyl, or R, is naphthyl a radical of the

CHS CH3
_.R5
formula N — CHgCH—- or

Ry

-(CHa) 5 OH RS s hydrogen or methyl, and R® and R? are hydrogen,

Ry
if x =2, R! is C,-Czalkylene or C,-Cgalkylene which is interrupted by -NR>- or -O-, and,

ifx=3,Rlisa -(CH,)p-N-(CH,),,- radical.

5. A compound of the formula I according to claim 3, in which, if x = 1, R! is C;-C,galkyl
which is unsubstituted or substituted by halogen, -COORZ, -CN or -NR?R*, C,-C, salky!
which is interrupted by -NR3-, -O- or -S-, C3-C6alken)él':‘ Cs-Cgcycloalkyl,

3

CH,

' 6

phenyl-C;-C,alkyl, a radical of the formula — . N—R"

CHg

CHg

* c L M s *
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25. Crosslinked epoxy resins derived from pol yepoxi des, for exanple from
bi sgl yci dyl ethers or from cycl oaliphatic di epoxi des. 267 Natural

pol yners, such as cellul ose, natural rubber, g@ﬁlsashhdnHaméemi&ﬁlhdéat I ves

t hereof which are chemically nodified in a poI y manner, such
as cellul ose acetates, cellul ose propi onat es an gﬂm tyrates, or
cel l ul ose ethers, such as nethylcellué and co o ns and their
derivatives. 27. Mxtures (polyblend é) of pol ymers as nentioned above, for
exanpl-e PP/ EPDM pol yam de/ EPDM or ABS, PVC/ EVA, PVC ABS, PVC MBS, PC/ ABS,
PBTP/ ABS, PC/ ASA, Pé][,PBT MPC/ CPE, PVC acryl atges, POM t her nopl astic PUR,
PC/ t her nopl astic P cryl ate, PO\/II\/BS O H PS, PPQ PA 6.6 and
copol yners _;PA/ HD ﬂﬁlﬂP PA/ PPO F‘z ra y occuring and synthetic
organi ¢ substTa g pur@ n@ é)ms or m xtures thereof,
for exanple m nersa , animal or veget abl's fats 0|Is and waxes, or
oil's, waxes and fateHpased on synthetic ester511(for exanpl e pht hal at es,

i pet s, §hosplal %@ézaﬁ%he oFakiiatons St iemmrey Nbhpce orats

spi nni ng preparati onsC :acnd aqueous

orisa N— (CHo)2- radical, and,

CH
CHy °

if x = 3, R! is C4-Cypalkanetriyl ora -(CH,),,-N-(CH,),- group.

6. A compound according to claim 3, in which x = 1, R! is C;-Cy,alkyl which is
unsubstituted or substituted by halogen, -COORZ, -CN or -NR3R?, C,-Cy,alkyl which is
interrupted by -NR>-, -O- or -S-, or is phenyl-C;-Cjalkyl or Cs-Crcycloalkyl.

7. A compound according to claim 1, in which R! is C;-C;salkyl, Cs-Cscycloalkyl or
phenyl-C,-C,alkyl, in particular C,-C,galkyl.

8. A compound according to claim 7, in which R is C;-C,alkyl.
9. A composition comprising () an organic material which is sensitive to oxidative,

thermal and/or photoinduced degradation, and (b) at least one compound of the formula |
according to claim 1.

10. A composition according to claim 9, in which component (a) is a natural,
semisynthetic or synthetic polymer.

11. A composition according to claim 10, in which component (a) is a thermoplastic
polymer.

12. A composition according to claim 10, in which component (a) is a polyoleﬁh.

13. A composition according to claim 10, in which component (a) is a polyvinyl chloride,

THIS SHEET HAS BEEN
REPLACED




enul sions thereof. 29. Aqueous emul sions of natural or synthetic rubbers,
for exanple natural rubber |latex or |atexes of carboxylated
styrene-but adi ene copol yners. The organic materials to be protected are
preferably natural, sem synthetic or preferably synthetic organic
materials. Particular preference is given to thernopl astic polyners, in
particul ar PVC or polyolefins, for gﬂple pol yet hyl ene and pol ypropyl ene
(PP). The conpositions according to € invention expediently contain the
conmpounds of the fornmula I in amunts of fromO0.01 to 10 % by wei ght, for

exanpl e frgpblg,r’%?lebgopag/{}lgyo@ﬁé t, preferably from0.05 to 3 % by weight,

but in part rom /oby weight. It is possible for the
conpositions to contain one or nore conpounds of the fornmula |, and the per
cent by weigllthe®sé of 4 &irﬁﬁd%m&%f Hﬁ?ohﬁfi@*}a&ﬂ#&ﬂkﬁto%imﬁﬁ%?stﬁﬂ g@%imc-rhe

ani c ma Wt hout

calculatlonlsgg s}“&l he, t ot al
t he conpouf@¥TAE %F?ﬂﬂ“&’e to °¥lﬁ%ep@Pﬁ¥qléﬂd/PmC@nﬂ$@mm als can be

ef fected, for exanple, by mXxing
15. The compound of the formula II

+C4Hq

i D—}— P—cl ()
t-C3f H{ 2

16. The use of the compound according to claim 15 for the preparation of a compound of
the formula I according to claim 1.

This Sheet Has Been Replaced
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- 14- in. or applying the compounds of the fornula | and, i f desired,
further additi-ves by nethods which are conventional in indugstiymaliatihe .

materials are polyners, in particular synthetic polyners, |i ) '
t ake pl ace before or during noul ding or by applying the dijsgot @N@NTOSHEBT

di spersed conpounds to the polymer, if necessary wth subsgequent
03 8F 9%

evaporation of the solvent. In the caselof el astoners, thegse
stabilised as |atexes. A further way of “i'ncorporating the jcdaopaunds of th
formula | into polynmers is to add them before, during or ijmmedi ately after
t he pol ynerisation of the correspondi ng nononers or beforée-tte
crosslinking. The conpounds of the fornula |I can be added as such or in
encapsul ated form (for exanple in waxes, oils or polynmers). |If added before
or during the polynerisation, the conpounds of the fornula | can al so act
as regulators for the chain Iength of the polymers (chain term nators).

The conpounds of the formula | or m xtures thereof can also be added to the

plastics to @@aﬁ& lragléﬁﬁbsbﬂitéshe formof a masterbatch which contains these

compounds, for exanple, 1n a concentration of from2.5 to 25 % by wei ght.
The invention relates to novel phosphites, to the use thereof as stabilisers, to a novel
phosphorochloridite as intermediate, and to compositions containing said phosphites.

A number of patent applications, eg. JP-A-54/039 455, JP-A-54/036 363, JP-A-54/055 043
and JP-A-62/086 036, disclose principally symmetrically substituted triaryl phosphites as
stabilisers, and JP-A-54/041 948 uses these phosphites together with other stabilisers in
synthetic resin compositions. One of the concrete examples given here is
tris(2,4-di-tert-butyl-6-methylphenyl) phosphite. Phdsphites containing at least one aryl
radical are disclosed in JP-A-55/005 927, JP-A-54/163 938, US-A-4 348 308 and

US-A-3 558 554. The aryl radical in US-A-3 558 554 is preferably tert-butyl-substituted
p-cresyl. US-A-4 348 308 discloses, for example, compounds such as
bis(2,4-di-tert-butylphenyl) cyclohexyl phosphite and bis(2-tert-butylphenyl) isodecyl
phosphite. US-A-4 444 929 uses compounds such as bis(2-tert-butyl-4-methylphenyl)
2,6-di-tert-butyl-4-methylphenyl phosphite in stabiliser mixtures. Analogues of the
intermediate for the preparation of the compounds according to the invention have already
been disclosed in the literature. T hus, US-A-4 584 146 and US-A-4 444 929 disclose
bis(2,6-di-tert-butyl-4-methylphenyl) phosphorochloridite as an intermediate in the
preparation of phosphites. US-A-4 233 208 uses bis(2,6-di-tert-butyl-4-methylphenyl)
phosphorochloridite and similar chlorides and hydroxides as stabilisers.

There continues to be a demand for effective stabilisers for organic materials which are
sensitive tp photoinduced and/or thermooxidative degradation.

The invention relates to compounds of the formula I

1-C4H
_oteo]

R! O,
I

t-CH, CH;,J 2



| ncor poration of the conmpounds of the fornula I

by the foll owi ng nethods: -

| at exes or enul sion polyners) - as a dry mx du
addi ti onal conponents or polyner mxtures -
processi ng apparatus (for exanple extruder, internal m xer,

solution or nelt. Polyner corrp05|t|on§ according to the inyeption can be
used in varous forns or converted into“various products, folf exdpBlreapde
(into) films, fibres, tapes, noul ding conpositions, profile r as binders

adhesi ves or
rotected are organic,

for surface coatings,
organic materials to be

by direct additf

adhesi ve cenents.

can expediently be effected

as an enul sion or dispersion (for exanple to

ring mxing of the

EPLACEMERT, SHEET

As st ated above, the

preferably synthetic

pol yners. Ramhichu isl, Boedeandnce is given to the prot ection of thernoplastic
mat eri al s, =PaRti L 3 b 3 t he
conpounds 1f£‘ %ﬁﬂ{%ﬁg é@n&lm@ mgsﬁ“ﬁaﬁ“‘ &Eﬂ‘ éq?éégt st abi |I§sﬁe°rrs)
shoul d be ganq paFHeYS M “P&ﬁmlPFﬁd thmpns@' ot fe\Caf galkenyl,

advant age oGy eyiexkyl phichyl-QECyaMEY1, pHehelrvehich is GrSibsEmRidsE SbskiRbed ke eof .

' CH3
_n5
formula

C,-Cqalkyl, halogcn, phenyl-C,-C,alkyl and/or C1~C4alkoxy, naphthyl, a radical of the

CHs
N — CHZCH—

Rio
r (CHy) -

Ry
Ry, Ry, Ry and R, independently of one another, are hydrogen, C;-C,salkyl,
Cs-Cyocycloalkyl or phenyi-C;-C,alkyl, RS is hydrogen, methyl, allyl or benzyl, R7 is
hydrogen or -OR?, R? is hydrogen or methyl, R® is hydrogen or C;-Csqalkyl, R1® and R,
independently of one another, are hydrogen or C;-Cgalkyl, and n is 3-6,
with the proviso that R! is not a phenyl radical which is substituted in both ortho-positions
to the carbon atom bonded to the oxygen atom,

if x = 2, R! is C;-C,galkylene, C,-Cygalkylene which is interrupted by -NR ,-0O-or-S-,
CHg
CH,
orisa N— (CHala-  radical, and,
CHg
CHj,

, I

if x =3, Rl is C4-Cyjalkanetriyl ora ~(CH,),,-N-(CHy),- group in which m is 1-4.
C-Cspalkyl R! may be linear or branched and is, for example, methyl, ethyl, isomers of
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl, heptadecyl,
octadecyl, icosyl, tetracosyl or triacontyl. Alkyl R!is in particular CI-C}l4alkyl, very
particularly C;-C,galkyl, preferably C,-C,alkyl, eg. C;-C,alkyl.

C;-Cygalkyl R% R?, R* and R% may be linear or branched and are defined, for example, as
for C;-Cjpalkyl R! apart from the corresponding number of carbon atoms. Preference is



- 15- However, it is also possible to stabilise other polynmers (for

exanpl e el astoners) or lubricants or hydraulic fluids against degradati on,

f'or exanpl e. phot oi nduced and/ or thernooxi dative degradatio
given in the above |ist of possible organic materials.

RELACEMERT St

g w)

| ubricants and hydraulic fluids are based, for exanple, o I neral or
synthetic oils or mxtures thereof. Th Iubr| cants are kn t 0 PAELAOTS
skilled in the art and are described ifi the rel evant specilaljist |iteratur

1%

for exanple in Dieter Klamann, "Schm erstoffe und verwandtle Produckre

Lubricants L Chem e, Wi nhei 1982) i
[Scﬁewle Kob %19&{1[8&@1 %@ﬁ%yg?rpng&ﬁ&ﬁlr%% b'uch'('am[ ‘(Ia'he e =

Halogen-substituted C;-C;galkyl R! may be linear or branched and monosubstituted or
polysubstituted, eg. monosubstituted to trisubstituted, in particular monosubstituted or
disubstituted, and is, for example, chloromethyl, dichloromethyl, trichloromethyl, _
chloroethyl, dichloroethyl, chloropropyl, flucromethyl, trifluoromethyl, wifluoroethyl,
trifluoropropyl, etc.

-COORZ2-substituted C;-C;galkyl R! is, for example, methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, dodecyl or octadecyl, each of which is substituted by
meihoxycarbonyl, ethoxycarbonyl, isomers of propoxycarbonyl, butoxycarbonyl,
pentoxycarbonyl, hexyloxycarbonyl, heptyloxycarbonyl, ethylhexyloxycarbonyl,
decyloxycarbonyl, dodecyloxycarbonyl, cyclohexyloxycarbonyl, or tolyloxycarbonyl, in
particular by methoxycarbony! or ethoxycarbonyl, and is preferably methyl or ethyl, in
particular methyl, each of which is substituted by methoxycarbonyl, ethoxycarbonyl or in
particular butoxycarbonyl.

-CONR3R*-substituted C,-C;galkyl R! is, for example, methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecy! or octadecyl, each of which is
substituted by dimethylaminocarbonyl, diethylaminocarbonyl, dibutylaminocarbonyl or
ethylmethylaminocarbonyl, in particular dimethyl- or diethylaminocarbonyl, and is
preferably methyl, ethyl or propyl, each of which is substituted by dimethylaminocarbonyl
or diethylaminocarbonyl, in particular propyl which is substituted by
dimethylaminocarbonyl.

CN-substituted C,;-C,zalkyl R! is, for example, cyanomeihyl, cyanoethyl, cyanopropyl,
cyanobutyl, cyanopentyl, cyanohexyl, cyanooctyl, cyanodecyl, cyanododecyl or
cyanooctadecyl, in particular cyanoethyl.

C,-C;3Alkyl R! which is interrupted by -O-, -S- or -NR3- units contain, for example, the
structural units -CH,-CHy-O-, -CH,-CH,-S- or -CH,-CH,-NR5-, The -NR5-, -O- or -S-
groups can occur once or more than once in the chain. Other examples of C,-C,galkyl R!
which is interrupted by -O-, -S- or -NR3- units are methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, dodecyl or octadecyl, each of which is substituted by
methoxy, ethoxy, propoxy, butoxy, methylthio, ethylthio, propylthio, butylthio,
dimethylamino, diethylamino, dipropylamino, etc, in particular methoxy or ethoxy,




Lubri cant Handbook] (Dr. Alfred Huthig-Verlag, Heidel berg, 1974), and in
"“U | manns Enzykl opadi e der techni schen Cheme" [U Il nmann's Encycl opaedi a of

| hdustrial Chemistry], Vol. 13, pages 85-94 (Verlag Chem g, TR
1977). The invention also relates to the stabilisation df {of A@MENT SHEET
mat eri al s agai nst oxidative, thermal and/or actinic degradat |on by addi ng
or applying, as stabilisers, conmpounds.f the formula I tqg tihi 8 arFerihw .
In addition to the conpounds according to the invention, tlhg_conpositions
according to the invention, in particular if they contain Jorganic,
preferably pieférbisly ethybwhichus substimieddlyssedsoxyt ai n further co '
additives. Exanples of such additives are: 1. Antioxidants 1.1.

Al kyl at ed nonophenol s, faor exanple 2,6-di-tert-butyl-4-nethyl phenol,
2-tert - but yCs,Cytiloatkyh R pRE RG] R mdaahmay be, fortaxampled cysiopehtyhenclohexyl,
2,6-di-tert t

2, 6- di - Cycl O%'.%ﬁ@g&/)fy o fwﬂé{ Bgﬁg&{cyl &c@clghocfc@ﬁ pxlaﬂ:tr&ﬂly éydl&ﬂlmﬁ ¥t w&ﬁﬁg&yl
2- ([ err] - metparagHarsyelohe ’974 6- di et hyl phenol ,

2, 6-di - oct adecyl 4- et hyl phenol, 2,4,6-tri cycI ohexyl phenol

2,6-di-tert Pge yY %ﬂﬁctypﬁi(,)ﬁfeﬁgpﬂ“pa% T{(glar;i1 cgir e:zcé.xgplg,l bcnz)r;iyk-phcnn?ctpyll phenol .
2-phenylethyl, 3-phenylpropyl, a-methylbenzyl, o,a-dimethylbenzyl, etc, preferably
benzyl or 1-phenylethyl.

An aromatic radical R! is preferably phenyl.

Substituted phenyl R preferably contains 1 to 3 substituents, in particular 1 or 2
substituents, and is, for example, chlorophenyl, dichlorophenyl, trichlorophenyl,
fluorophenyl, difluorophenyl, tolyl, dimethylphenyl, mesityl, ethylphenyl, diethylphenyl,
isopropylphenyl, tert-butylphenyl, benzylphenyl, phenylethylphenyl, di-t-butylphenyl,
methyl-di-tert-butylphenyl, dodecylphenyl, methoxyphenyl, dimethoxyphenyl,
ethoxyphenyl, hexyloxyphenyl, methoxyethylphenyl or ethoxymethylphenyl, in particular
p-tert-butylphenyl. Alkyl and alkoxy as aryl substituents preferably have 1-4 carbon atoms
and are, in particular, methyl,'ten-butyl or methoxy, preferably tert-butyl.

An aromatic radical R! is in particular phenyl which is unsubstituted or substituted by an
alkyl group.

Halogen is, in particular, chlorine, bromine or fluorine.

Of particular interest are compounds of the formula I in which, if x = 1, R! is C;-Csqalkyl,
C,-Csalkyl substituted by halogen, -COOR?Z, -CN, -NR3R* or by -CONR3R?, C,-C, galkyl
which is interrupted by -NR%-, -O- or -S-, C3-Cygalkenyl, Cs-Cjpcycloalkyl,
phenyl-C,-C,alkyl, phenyl which is unsubstituted or substituted by C;-C,,alkyl, halogen,
phenyl- C]-C4alkyl and/or C,-Cjalkoxy, naphthyl, a radical of the formula

CH3 M ‘ Rio
6
N—R —d—- CH,CH— or -(CH2)j5 OH



-b-bl\);“_l\)l\)H .

. 2.
, 5-
6-
r
2'
4
4' -

Al kyl at ed hydrogi nones, for exanple 2,6-di-tert-butylsdogethoxyphenol,
di -tert-butyl hydroqui none, 2,5-di-tert-anyl hydroqui nd 2y

di phenyl - 4- oct adecyl oxyphenol . 1.3. Hydroxylated thi
exanpl e ' '
-thiobis(6-tert-butyl 4-nmethyl phenol), 2,2'-thiobis(4
-thi obi s(6-tert-butyl-3-nethyl phengl) and
-thiobi s(6-tert-butyl -2-met hyl phenol).

if x = 2, R! is C;-C)galkylene, C,-Cygalkylene which is interrupted by -NR5-, -O- or -S-,
CHy
CH,

orisa N— {CHa)2- radical, and,

CH
CHy °

if x = 3, R1 is C4-Cyqalkanetriyl ora -(CH,),,-N-(CH,),- group in which m is 1-4.

Other particularly interesting compounds of the formula I are those in which, if x = 1, R!
is C;-Cpqalkyl, C;-C)palkyl substituted by halogen, -COOR?, -CN, -NR3R* or by
-CONR3R*, C,-Cygalkyl which is interrupted by -NR5-, -O- or -S-, C3-C,galkenyl,
C;-C;,cycloalkyl, phenyl-C,-C alkyl, phenyl which is unsubstituted or substituted by
C;-Cyqalkyl, halogen phenyl-C,-C,alkyl and/or CI-C4a1koxy, naphthyl, a radical of the

< E &
formula N—-H R’ N —_— CHZCH—

Rio
¢ -CHy) - OH
Ryy . |
if x =2, R1is Cp-Cyjalkylene, C;-Cyalkylene which is interrupted by -NR>-, -O- or -§-,
CH
SCH, .
orisa N— (CHg)z- radical, and R!% and R}, independently of one another,
CHy
CH,

are hydrbgen or C;-Cyalkyl, and,

|

if x = 3, Ris C;-Cjalkanetriyl ora -(CH,),-N-(CH,),,- group in which m is 1-4.

Preference is given to compounds of the formula I in which, if x = 1, Rl is C;-C,palkyl,
C,-Cgalkyl which is substituted by halogen, -COOR?Z, -CN or -NR3R*, C,-Cjalkyl which
is interrupted by -O- or -S-, C5-Cgalkenyl, Cs-Cgcycloalkyl, phenyl which is unsubstituted



Al kyl i denebi sphenol s, for exanple rgm ACEM _
- met hyl enebi s(6-tert-butyl -4-net hyl phenol ), - CEMENTSHEET
nmet hyl enebi s(6-tert-butyl -4-ethyl phenol), 2,2'-nethylfen 4- et hyl

ebi o] 4 e
03 DEC 198

[err]-net hyl cycl ohexyl ) phenol ],
- met hyl enebi s( 4- net hyl - 6- cyclohexylphenol),

nme

- met hyl enebi s( 6- nonyl - 4- et hyl phengl.),
- met hyl enebi s(4, 6-di -tert-butyl phenol),
-et hyli denebi s(4, 6-di-tert-butyl phenol),

4

, 2

2'

-(

2'

, 2

2'

2'

2' - et hyl i sianbstinnédby €44C, hiliktyl lor pHeny5C h 1, a radical of the formula
, 2' met hyl enebi s(GHg[%rr] 1met hyl E fenly 4mﬁgn§fpgﬁno| | R
2
4
4
, 1-
6-
1
, 1-
h

t hyl enebjsf6CHperr] - di met hyI erzyl ) - T nonyl phenol ],
ol ) ,

GH~  or “(CHag OH RSis

(5-tert-bugyfHd- hydr oxy- 2- Hahenyl ) but ane,

(3-tert-bufllh- 5 net hyl - 2- hydgrgxybenzyl ) - 4- et hyl phenol B

rls(5 tert- but r ox 2- th | phenyl ) but ane,
|s(5 ¢ 1ydr °§9&1°§Fn° fﬂ&ﬁg %H{;’Eﬁ%ﬁyl) 3- n- dodecyl nmer capt obut ane,
yl ene glifred2,R4§ Gp-Brilkglent ort G Coalicylatle-wiich is yatervupted oy NR b ot yOqmd, |

bi s(3-tert-butyl-4- hydroxy 5; met hyl phenyl ) - di cycl opent adi ene and
bis[2-(3 -tert-butyl-2'-hydrpxy-5"'-nethyl benzyl)-6-tert-

but yl - ??,351@3{“ &e{@glﬁ@g?ox ich1.S- Benzyl conpounds, for exanple, 1

, 3, b- trls(3 -tert enzyl) 2,4,6-trimethyl benzene,
bIS(3 5-di-tert-butyl -4-hydroxybenzyl) sulfide, |sooctyl

3, 5- di - t er tFirthey imtefestinig cOMpORIAE vt e ToARilOP&E ts€in which, if x = 1, R} is
C,-C,galkyl which is unsubstituted or substituted by halogen, -COOR?, -CN or -NR3R?,
C,-C,galkyl which is interrupted by -NR>-, -O- or -S-, C5-Cgalkenyl, Cs-Cgcycloalkyl,

CHy
CH,
. N—RS
phenyl-C;-Cgalkyl, a radical of the formula ,
~ CHg
CHg
CHj R® Rio
CH,
R N——CH,CH— or -(CHa)j OH  and,
CH,
CH, R11. .
if x = 2, R! is C,-Cyqalkylene, C,-C;salkylene which is interrupted by -NR3-, -O- or -S-,
CH,
CH,
orisa N— (CHa)> radical, and,
CH
CHy °

Preference is given to compounds of the formula I in which x = 1, R? is C;-C,,alkyl which
is unsubstituted or substituted by halogen, -COOR?, -CN or -NR3R#4, C,-C,,alkyl which is
interrupted by -NR3-, -O- or -S-, or is phenyl-C;-C,alky! or Cs-Crcycloalkyl.



bi s(4-tert-butyl -3-hydroxy-2, 6-di net hyl benzyl ) dithi ol terephthal ate,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl) isocyanurate
T,3,5-tris(4-tert-butyl-3-hydroxy-2, 6-di met hyl benzyl) iso REPHA@EMENT SHEET
di octadecyl 3,5-di-tert-butyl-4-hydroxybenzyl phosphonat e, |t ye—catcrumsal
of nonoethyl 3,5-di-tert-butyl-4-hydroxybenzyl phosphonat e ja 199
1,3,5-tris(3,5-dicycl ohexyl -4-hydroxybgnzyl) isocyanurate. 1. g3 PEC
Acyl am nophenol s, for exanple 4-hydroxyl auranilide, 4-hydrljoXystearanitd
2, 4-bi s(octyl mercapto)-6-(3,5-di-tert-butyl -4-hydroxyanililno)-s- tri azi ne

and octyl N (3,5-di-tert-but yI 4- hydr oxyphenyl ) car bamat e d—A—Estersof
3 oo s K BRI A S
, 6- hexanedi ol , neopentyl
Particular emphasis should also be attached to compounds of the formula I in which Rl is
as defined above, but is not unsubstituted or C,-C;,alkyl-, halogen- or
C,-C,alkoxy-substituted phenyl or naphthyl.

Also worthy of mention in particular are compounds of the formula I in which R! is
C,;-C,galkyl, Cs-Cscycloalkyl or phenyl-C;-C,alkyl, in particular C;-C,galkyl.

The compounds of the formula I can be obtained by processes which are known per se in
chemistry. DE-A-2 950 694 describes a process for the preparation of corresponding
compounds by reacting a phosphorus trihalide, a phosphorous acid monoester dihalide or a
phosphorous acid diester halide with a phenol in the presence of an alkali metal hydroxide
or alkaline earth metal hydroxide.

The compounds according to the invention can accordingly be prepared by substituting the
chlorine in the diaryl phosphorochloridite by an alcohol or a phenol in the presence of a
base.

t‘C 4H9 t'C4H9

P—¢C! R'OH P—OR!
5 base »
t-CiHg Hg t-C4Hg  “CH,

R1is as defined above.

In order to prepare dimeric and trimeric compounds of the formula I, the corresponding
polyols are used.

The bases used can be organic bases or inorganic bases. Examples of organic bases are
tertiary amines, eg. trimethylamine, triethylamine, N,N-dimethylaniline,
N,N-diethylaniline or pyridine. Examples of inorganic bases are alkali metal hydroxides,
for example sodium hydroxide or potassium hydroxide, or alkali metal carbonates, for
example sodium carbonate or potassium carbonate.
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N, N - bi s(hydr oxyet hyl ) oxal am de. 1.10. Anmides of

[err]-(3,5-di-tert-butyl -4-hydroxyphenyl)propionic acid, for exanple

N, N' - bi s( 3, Selué¢nts whichlomlWsmplbycﬂamywmﬁyhmﬂarpmaﬁgclsjrt;ﬂuarrkalbgehmédi an ne,
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N and xylene, and an example ofa smta e chlonnatcd aromatic hydrocarbon is
chlorobenzene. Examples of aliphatic hydrocarbons which can be used as solvents are
hexane, pentane and further petroleum ether fractions. Examples of suitable halogenated
aliphatic hydrocarbons are methylene chloride and chloroform. Examples of suitable
ethers are diethyl ether, dibutyl ether and tetrahydrofuran.

The diaryl phosphorochloridite (IT) and the alcohol R!OH are expediently employed in
equivalent amounts. It is, however, also possible, for example, to use an excess of alcohol,
for example 1.05-1.2 equivalents. '

A further method of preparing compounds according to the invention is to condense 2
equivalents of 2,4-di-tert-butyl-6-methylphenol with one equivalent of a phosphorus
compound R!O-PCl, in the presence of an organic base.

~ The invention also relates to the compound of the formula II

t-CHg

i D—i— P—Cl am
t-CiHg H3 2 .

and to the use thereof for the preparation of compounds of the formula L.

The preparation of phosphorochloridites is known to persons skilled in the art and is
described in numerous publications. The novel phosphorochloridite of_ the formula II can
be prepared by analogous processes. For instance, H.G. Cook et al., J. Chem. Soc. 1949,
1V, 2921-2927, and A.J. Razumov et al., Chemical Abstracts 60, 1571g (1964), describe
the preparation of corresponding chlorides by reacting phosphorus trichloride with
alkanols in the presence of N,N-dimethylaniline or N,N-diethylaniline as acid acceptor. J.
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bi s(4-tert mhlyndewnbyin)dmdcpmmm discloseslin US>Ar 32810506 and US-A-4 584 146,
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Bis(2,4-di-tert-butyl-6-methyl) phosphorochloridite can also be prepared directly in the
melt without solvents. This allows the preparation of the phosphites of the formula I
without isolation of the intermediate.

The compounds of the formula I are highly suitable for stabilising organic materials
against photoinduced, thermal and/or oxidative degradation. The invention therefore also
relates to compositions comprising an organic material which is sensitive to degradation
reactions of this type, and at least one compound of the formula I, and to the use of
compounds of the formula I as stabilisers for organic materials against said types of

degradation.

Examples of such materials are:

1. Polymers of monocolefins and diolefins, for example polypropylene, polyisobutylene,
polybut-1-ene, polymethylpent-1-ene, polyisoprene or polybutadiene, as well as polymers
of cycloolefins, for instance of cyclopentene or norbornene, polyethylene (which
optionally can be crosslinked), for example high density polyethylene (HDPE), low
density polyethylene (LDPE) and linear low density polyethylene (LLDPE).

2. Mixwres of the polymers mentioned under 1), for example mixtures of polypropylene
with polyisobutylene, polypropylene with polyethylene (for example PP/HDPE,
PP/LDPE) and mixtures of different types of polyethylene (for example LDPE/HDPE).

3. Copolymers of monoolefins and diolefins with each other or with other vinyl
monomers, for example ethylene-propylene copolymers, linear low density polyethylene
(LLDPE) and its mixtures with low density polyethylene (LDPE), propylene-but-1-ene,
propylene-isobutylene, ethylene-but-1-ene, ethylene-hexene, ethylene-methylpentene,
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ethylene-alkyl acrylate, ethylene-alkyl methacrylate, ethylene-vinyl acetate or
ethylene-acrylic acid copolymers and their salts (ionomers) and terpolymers of ethylene
with propylene and a diene, such as hexadiene, dicyclopentadiene or
ethylidenenorbornene; as well as mixtures of such copolymers and their mixtures with
polymers mentioned in 1), for example polypropylene/ethylene-propylene copolymers,
LDPE/ethylene-vinyl acetate copolymers, LDPE/ethylene-acrylic acid copolymers,
LLDPE/ethylene-vinyl acetate copolymers and LLDPE/ethylene-acrylic acid copolymers.

PRACEMENR SHEET
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3a. Hydrocarbon resins (for example Cs-Cy) and hydrogenated modifications thereof (for
example tackifiers).

4, Polystyrene, poly(p-methylstyrene), poly(e-methylstyrene).

5. Copolymers of styrene or a-methylstyrene with dienes or acrylic derivatives, for
example styrene-butadiene, styrene-acrylonitrile, styrene-alkyl methacrylate,
styrene-butadiene-alkyl acrylate, styrene-maleic anhydride, styrene-acrylonitrile-methyl
acrylate; high impact strength mixtures of styrene copolymers and another polymer, for
example a polyacrylate, a diene polymer or an ethylene-propylene-diene terpolymer; and
block copolymers of styrene, for example styrene-butadiene-styrene, styrene-isoprene-
styrene, styrene-ethylene/butylene-styrene or styrene-ethylene/ propylene-styrene.

6. Graft copolymers of styrene or a-methylstyrene, for example styrene on polybutadiene,
styrene on polybutadiene-styrene or polybutadiene-acrylonitrile; styrene and acrylonitrile
(or methacrylonitrile) on polybutadiene; styrene, acrylonitrile and methyl methacrylate on
polybutadiene; styrene and maleic anhydride on polybutadiene; styrene, acrylonitrile and
maleic anhydride or maleimide on polybutadiene; styrene and maleimide on
polybutadiene, styrene and alkyl acrylates or methacrylates on polybutadiene, styrene and
acrylonitrile on ethylene-propylene-diene terpolymers, styrene and acrylonitrile on
polyalkyl acrylates or polyalkyl methacrylates, styrene and acrylonitrile on
acrylate-butadiene copolymers, as well as mixtures thereof with the copolymers
mentioned under 5), for instance the copolymer mixtures known as ABS, MBS, ASA or
AES polymers.

7. Halogen-containing polymers, such as polychloroprene, chlorinated rubber, chlorinated
or chlorosulfonated polyethylene, copolymers of ethylene and chlorinated ethylene,
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9. Copolymers from the monomers mentioned under 8) with each other or with other
unsaturated monomers, for instance acrylonitrile-butadiene, acrylonitrile-alkyl acrylate,
acrylonitrile-alkoxyalkyl acrylate or acrylonitrile-vinyl-halide copolymers or
acrylonitrile-alky! methacrylate-butadiene terpolymers.

10. Polymers derived from unsaturated alcohols and amines, or acyl derivatives thereof or
acetals thereof, such as polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl
benzoate, polyvinyl maleate, polyvinyl butyral, polyallyl phthalate or polyallylmelamine;

and their copolymers with olefins mentioned in 1) above.

11. Homopolymers and copolymers of cyclic ethers, such as polyalkylene glycols,
polyethylene oxide, polypropylene oxide or copolymers thereof with bisglycidyl ethers.

12. Polyacetals, such as polyoxymethylene and those polyoxymethylenes which contain
comonomers, for example ethylene oxide; polyacetals modified with thermoplastic
polyurethanes, acrylates or MBS.

13. Polyphenylene oxides and sulfides, and mixtures thereof with styrene polymers or
polyamides. '

14. Polyurethanes derived from polyethers, polyesters or polybutadienes with terminal
hydroxyl groups on the one hand and aliphatic or aromatic polyisocyanates on the other,
and precursors thereof.

15. Polyamides and copolyamides which are den'ved from diamines and dicarboxylic acids
and/or from aminocarboxylic acids or the corresponding lactams, such as nylon 4, nylon 6,
nylon 6/6, 6/10, 6/9, 6/12 and 4/6, nylon 11, nylon 12, aromatic polyamides obtained from
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m-xylene, diamine and adipic acid; polyamides prepared from hexamethylenediamine and
isophthalic and/or terephthalic acid and optionally an elastomer as modifier, for example
poly-2,4,4-trimethylhexamethylene terephthalamide or poly-m-phenylene isophthalamide.
Block copolymers of the aforementioned polyamides with polyolefins, olefin copolymers,
ionomers or chemically bonded or grafted elastomers; or with polyethers, for instance with
polyethylene glycol, polypropylene glycol or polytetramethylene glycol. Further, EPDM-
or ABS-modified polyamides or copolyamides; and polyamides condensed during
processing ("RIM polyamide systems").

16. Polyureas, polyimides, polyamide-imides and polybenzimidazoles.

17. Polyesters derived from dicarboxylic acids and diols and/or from hydroxycarboxylic -,
acids or the corresponding lactones, such as polyethylene terephthalate, polybutylene
terephthalate, poly-1,4-dimethylolcyclohexane terephthalate and polyhydroxybenzoates as
well as block polyether-esters derived from polyethers having hydroxyl end groups; also
polycarbonate- or MBS-modified polyesters.

18. Polycarbonates and polyester carbonates.
19. Polysulfones, polyether sulfones and polyether ketones.

20. Crosslinked polymers derived from aldehydes on the one hand and phenols, urea or
melamine on the other, such as phenol/formaldehyde resins, urea/formaldehyde resins and
melamine/formaldehyde resins.

21. Drying and non-drying alkyd resins.

22. Unsaturated polyester resins derived from copolyesters of saturated and unsaturated
dicarboxylic acids with polyhydric alcohols, and vinyl compounds as crosslinking agents,
and also halogen-containing modifications thereof of low inflammability.

23. Crosslinkable acrylic resins, derived from substituted, acrylic esters, for example epoxy
acrylates, urethane acrylates or polyester acrylates.

24. Alkyd resins, polyester resins or acrylate resins crosslinked with melamine resins, urea
resins, polyisocyanates or epoxy resins.
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acetates, cellulose propionates and cellulose butyrates, or cellulose ethers, such as

methylcellulose; and colophony resins and their derivatives.

27. Mixmres (polyblends) of polymers as mentioned above, for example PF/EPDM,
polyamide/EPDM or ABS, PVC/EVA, PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS,
PC/ASA, PC/PBT, PVC/CPE, PVC/acrylates, POM/thermoplastic PUR, PC/thermoplastic
PUR, POM/acrylate, POM/MBS, PPO/HIPS, PPO/PA 6.6 and copolymers, PA/HDPE,
PA/PP, PA/PPO.

28. Naturally occuring and synthetic organic substances which are pure monomeric
compounds or mixtures thereof, for example mineral oils, animal or vegetable fats, oils
and waxes, or oils, waxes and fats based on synthetic esters (for example phthalates,
adipates, phosphates or trimellitates), and blends of synthetic esters with mineral oils in
any desired weight ratios, as used, for example, as spinning preparations, and aqueous
emulsions thereof. '

29. Aqueous emulsions of natural or synthetic rubbers, for example natural rubber latex or
latexes of carboxylated styrene-butadiene copolymers.

The organic materials to be protected are preferably natural, semisynthetic or preferably
synthetic organic materials. Particular preference is given to thermoplastic polymers, in
particular PYC or polyolefins, for example polyethylene and polypropylene (PP).

The compositions according to the invention expediently contain the compounds of the
formula I in amounts of from 0.01 to 10 % by weight, for example from 0.05 to 5 % by
weight, preferably from 0.05 to 3 % by weight, but in particular from 0.1 to 2 % by
weight. It is possible for the compositions to contain one or more compounds of the

~ formula I, and the per cent by weight data relate to the total amount of these compounds.
The calculation is based on the total weight of the organic material without the compounds
of the formula I. Incorporation into the materials can be effected, for example, by mixing
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dissolved or dispersed compounds to the polymer, if necessary with subsequent

evaporation of the solvent. In the case of elastomers, these may also be stabilised as

latexes. A further way of incorporating the compounds of the formula I into polymers is to

add them before, during or immediately after the polymerisation of the corresponding
monomers or before the crosslinking. The compounds of the formula I can be added as
such or in encapsulated form (for example in waxes, oils or polymers). If added before or
during the polymerisation, the compounds of the formula I can also act as regulators for
the chain length of the polymers (chain terminators).

The compounds of the formula I or mixtures thereof can also be added to the plastics to be
stabilised in the form of a masterbatch which contains these compounds, for example, in a
concentration of from 2.5 to0 25 % by weight.

Incorporation of the compounds of the formula I can expediently be effected by the
following methods:

- as an emulsion or dispersion (for example to latexes or emulsion polymers)

- as a dry mix during mixing of the additional components or polymer mixtures

- by direct addition into the processing apparatus (for example extruder, internal mixer,
etc)

- as a solution or melt.

Polymer compositions according to the invention can be used in varous forms or converted
into various products, for example as (into) films, fibres, tapes, moulding compositions,
profiles or as binders for surface coatings, adhesives or adhesive cements.

As stated above, the organic materials to be protected are organic, preferably synthetic
polymers. Particular preference is given to the protection of thermoplastic materials, in
particular polyolefins. The excellent effectiveness of the compounds of the formula I as
processing stabilisers (heat stabilisers) should be particularly emphasised. For this
purpose, they are advantageously added to the polymer before or during processing
thereof.
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lubricants or hydraulic fluids against degradation, for example photoinduced and/or
thermooxidative degradation. Elastomers are given in the above list of possible organic
materials.

Suitable lubricants and hydraulic fluids are based, for example, on mineral or synthetic
oils or mixtures thereof. The lubricants are known to persons skilled in the art and are
described in the relevant specialist literature, for example in Dieter Klamann,
"Schmierstoffe und verwandte Produckte” [Lubricants and Related Products] (Verlag
Chemie, Weinheim, 1982), in Schewe-Kobek, "Das Schmiermittel-Taschenbuch” [The
Lubricant Handbook] (Dr. Alfred Hiithig-Verlag, Heidelberg, 1974), and in "Ullmanns
Enzyklopidie der technischen Chemie"” [Ullmann’s Encyclopaedia of Industrial -
Chemistry], Vol. 13, pages 85-94 (Verlag Chemie, Weinheim, 1977).

The invention also relates to the stabilisation of organic materials against oxidative,
thermal and/or actinic degradation by adding or applying, as stabilisers, compounds of the
formula I to this material. '

In addition to the compounds according to the invention, the compositions according to
the invention, in particular if they contain organic, preferably synthetic polymers, may
also contain further conventional additives. Examples of such additives are:

1. Antioxidants

1.1. Alkvlated monophenols, for example 2,6-di-tert-butyl-4-methylphenol,
2-tert-butyl-4,6-dimethylphenol, 2,6-di-tert-butyl-4-ethylphenol,
2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-butyl-4-isobutylphenol,
2,6-di-cyclopentyl-4-methylphenol, 2-(e-methylcyclohexyl)-4,6-dimethyiphenol,
2,6-di-octadecyl-4-methylphenol, 2,4,6-tricyclohexylphenol,
2,6-di-tert-butyl-4-methoxymethylphenol and 2,6-di-nonyl-4-methylphenol.

1.2. Alkylated hydroquinones, for example 2,6-di-tert-buiy1—4—methoxyphenol,

2,5-di-tert-butylhydroquinone, 2,5-di-tert-amylhydroquinone and
2,6-diphenyl-4-octadecyloxyphenol.

1.3. Hydroxylated thiodiphenyl ethers, for example
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removed by distillation under a greater vacuum After th
br oken usi ng2hiticuig(6nert-80g1-8-meethylplenoD)) 3,2 cthidbiv4-bitylphesal)ypound ar e obt ai ned
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Preparation of bis(2,4-di-tert-butyl-6-nethylphenyl) methyl phosphite 300
g (1.36 nol % 403#11&&51bls%ﬁénglsbfgrléhn@ﬂ@?tzh-ﬂeﬂp@éﬁ%m@ @l Ey'lmx‘rleﬁ iphéto®, @ 1500

m sul f onat her nonet stirrer a refl UX condenser,

and t he rea%#cmeﬂyfwb@(ée@nv}qum -riityipksaRD, ) empthylenebislt-methyined t o 55[err] C
in order togq cwnei\ﬂj efdl] 22’ -'inﬁlﬂéneﬂis(mhbﬂi f-@rcyraam@lpaémmdded to

e e A it B NI 2 e A SRR 3,
gas pr oduce?,2i-sthyhdenebis{4stedi-tont-bugdphenal, mwh%daqﬂmﬁ&-sembntyhm hydr oxi de
sol ution. VRephHHHRAM), D PhelticnOiBleth- SnethyifenzfF YL dANipiLadip)r € 1s heated to
2,2’-methylenebis[6-(a,c-dimethylbenzyl)-4-nonylphenol], 4,4’-methylenebis(2,6-di-
tert-butylphenol), 4,4’-methylenebis(6-tert-butyl-2-methylphenol),
1,1-bis(5-tert-butyl-4-hydroxy-2-methylphenyl)butane, 2,6-bis(3-tert-butyl-S-methyl-
2-hydroxybenzyl)-4-methylphenol, 1,1,3-tris(5-tert-butyl-4-hydroxy-
2-methylphenyl)butane, 1,1-bis(5-tert-butyl-4-hydroxy-2-methylphenyl)-
3-n-dodecylmercaptobutane, ethylene glycol bis{3,3-bis(3 -tert-butyl-
4’-hydroxyphenyl)butyrate], bis(3-tert-butyl-4-hydroxy-5-methylphenyl)-
dicyclopentadiene and bis[2-(3’-tert-butyl-2’-hydroxy-3’-methylbenzyl)-6-tert-
butyl-4-methylphenyl] terephthalate.

1.5. Benzyl compounds, for example,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene,
bis(3,5-di-tert-butyl-4-hydroxybenzyl) sulfide, isooctyl
3,5-di-tert-butyl-4-hydroxybenzylmercaptoacetate,
bis(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithiol terephthalate,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl) isocyanurate,
1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl) isocyanurate, dioctadecyl
3,5-di-tert-butyl-4-hydroxybenzylphosphonate, the calcium salt of monoethyl
3,5-di-tert-butyl-4-hydroxybenzylphosphonate and
1,3,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl) isocyanurate.

1.6. Acylaminophenols, for example 4-hydroxylauranilide, 4-hydroxystearanilide,
2,4-bis(octylmercapto)-6-(3,5-di-tert-butyl-4-hydroxyanilino)-s-triazine and octyl
N-(3,5-di-tert-butyl-4-hydroxyphenyl)carbamate.

1.7. Esters of -(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid with monohydric or
polyhydric alcohols, for example with methanol, octadecanol, 1,6-hexanediol, neopentyl



140[ err] C over the course of 4 hours and stirred at this te Toyys
further hour. A slight vacuum (0.55 bar) is then applied, ajt Wﬁﬁﬁm’

i's stirred at 130[err]C for a further 4 hours. The clear vy
obtained (= bis(2,4-di-tert-butyl-6-nethyl) phosphoro-

ow or ange nel
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allowed to cool to about 80[err]Cin a mirogen atnosphere Jand 1s diTuted
with 500 M of petroleumether (80- 100[err]C). The sol uti lLs.cooled to

-5[err]C, and 89.3 g (0.884 nol) of triethylam ne are added over the course
of 15 mi nut gfycod2hiddigthylene Z1yvol, Mietiylenetgvon Irialiyede giycohdeaderytaiiol se over
the course of. hour [ which . .the,te ratu rises,to +5[err]C and
the triet hy|‘§ﬁé‘x‘é’°ﬁ¥‘d¥‘ﬂg}§9€‘r&ﬂ&%&p¥‘8ﬁ1§i 'ﬁ’ﬁ@?@ﬁﬁ#@)ﬁ%ﬁ% is allowed to
warm sl owy (about 1 hour) to roomtenperature with stirring. The
precipitate § 8 dodr 8f £6-tert-butyl-4-hydroxy-3-methylphenyl)propionic acid with monohydric

or polyhydric alcohols, for example with methanol, octadecanol, 1,6-hexanediol,
neopentyl glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol,
pentaerythritol, tris(hydroxy)ethy! isocyanurate and N,N’-bis(hydroxyethyl)oxalamide.

1.9. Esters of p-(3,5-dicyclohexyl-4-hydroxyphenypropionic acid with monohydric or

polyhydric alcohols, for example with methanol, octadecanol, 1,6-hexanediol, neopentyl
glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol,
tris(hydroxy)ethyl isocyanurate and N,N’-bis(hydroxyethyl)oxalamide.

1.10. Amides of g-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid, for example
N,N’-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hexamethylenediamine,
N,N’-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)trimethylenediamine and
N,N’-bis(3,5-di~tert-butyl-4-hydroxyphenylpropionyl)hydrazine.

2. UV absorbers and light stabilisers

2.1. 2-(2’-Hydroxyphenyl)benzotriazoles, for example the 5°-methyl, 3°,5°-di-tert-butyl,
5°-tert-butyl, 5°-(1,1,3,3-tetramethylbutyl), 5-chloro-3’,5’-di-tert-butyl,
5-chloro-3’-tert-butyl-5’-methyl, 3’-sec-butyl-5’-tert-butyl, 4’-octoxy, 3°,5’-di-tert-amyl
and 3°,5’-bis(x,a-dimethylbenzyl) derivatives.

2.2. 2-Hydroxybenzophenones, for example the 4-hydroxy, 4-methoxy, 4-octoxy,
4-decyloxy, 4-dodecyloxy, 4-benzyloxy, 4,2°,4’-trihydroxy and 2’-hydroxy-
4,4’-dimethoxy derivatives.

2.3. Esters of substituted or unsubstituted benzoic acids, for example 4-tert-butylphenyl
salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoylresorcinol,
bis(4-tert-butylbenzoyl)resorcinol, benzoylresorcinol, 2,4-di-tert-butylphenyl
3,5-di-tert-butyl-4-hydroxybenzoate and hexadecyl 3,5-di-tert-butyl-4-hydroxybenzoate.

2.4. Acrylates, for example ethyl or isooctyl a-cyano-g,3-diphenylacrylate, methyl
e-carbomethoxycinnamate, methyl or butyl o-cyano-g-methyl-p-methoxycinnamate,



off and the filtrate is evaporated, giving 328 g of phosghts [ puraty v
oil (purity determ ned by high pressure liqguid chromat ongﬁAﬁMfs fi
% . Recrystallisation of the crude product from ethanol diVes 262 g (77 Y
of theory) of the title conmpound in the formof a white po eb:?gtbn\gg@
melting point of 75-78[err]C. Elenental analysis: P calCc.m ©6
found: 6.19 % Exanples 3-33: The congounds of Exanpl es B-833-are-prepared
anal ogously to the conpound of Exanpl'eé®Z using the al cohol or phenol
corresponding to the substituent R err]. The substituents™and anal yti cal

data are showi)l,Rakdethokyehefoxycinnamate and N-(s-dafidmethoxy-g-cyanovinyl)-
2-methylindoline. ' '

2.5 Nickel compounds, for example nickel complexes of
2,2’-thiobis[4-(1,1,3,3-tetramethylbutyl)phenol], such as the 1:1 complex or the 1:2
complex, if appropriate with additional ligands, such as n-butylamine, triethanolamine or
N-cyclohexyldiethanolamine, nickel dibutyldithiocarbamate, nickel salts of monoalkyl
4-hydroxy-3,5-di-tert-butylbenzylphosphonates, such as the methyl or ethyl ester, nickel
complexes of ketoximes, such as 2-hydroxy-4-methylphenyl undecyl ketoxime, and nickel
complexes of 1-phenyl-4-lauroyl-5-hydroxypyrazole, if appropriate with additional
ligands.

2.6. Sterically hindered amines, for example bis(2,2,6,6-tetramethylpiperidyl) sebacate,
bis(1,2,2,6,6-pentamethylpiperidyl) sebacate, bis(1,2,2,6,6-pentamethylpiperidyl)
n-butyl-3,5-di-tert-butyl-4-hydroxybenzylmalonate, the condensation product formed from
1-hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, the
condensation product formed from N,N’-bis(2,2,6,6-tetramethyl-4-piperidyl)-
hexamethylenediamine and 4-tert-octylamino-2,6-dichloro-1,3,5-s-triazine,
tris(2,2,6,6-tetramethyl-4-piperidyl) nitrilomriacetate, '
tetrakis(2,2,6,6-tetramethyl-4-piperidyl) 1,2,3,4-butanetetraoate and

1,1’-(1 J-ethanediyl)bis(3,3,5,_5-tetramethylpiperazinone).

2.7. Oxalic acid diamides, for example 4,4’-di-octyloxyoxanilide,
2,2’-di-octyloxy-5,5"-di-tert-butyloxanilide, 2,2’ -di-dodecyloxy-
5,5’-di-tert-butyloxanilide, 2-ethoxy-2’-ethyloxanilide,
N.N’-bis(3-dimethylaminopropyl)oxalamide, 2-ethoxy-5-tert-butyl-2’-ethyloxanilide and
a mixture thereof with 2-ethoxy-2’-ethyl-5,4’-di-tert-butyloxanilide or mixtures of
o-methoxy- and p-methoxy-disubstituted oxanilides and of o-ethoxy- and
p-cthoxy-disubstituted oxanilides.

2.8. 2-(2-Hydroxyphenyl)-1,3,5-triazines, for example
2,4,6-ris(2-hydroxy-4-octyloxyphenyl)-1,3,5-triazine,
2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine,
2-(2 4-dihydroxypheny!)-4,6-bis(2,4-dimethylphenyl)- 1,3,5-triazine,
2,4-bis(2-hydroxy-4-propyloxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine,
2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-methylphenyl)-1,3,5-triazine and




- 22 - Table 1: Exanple Rl err] ¥y B
Melting point [[err] (] El enental anal ysis No. RngA@MENT SHEET
[-9 Refractive index [err] % P cal c. % P found 3

Clerr]H err] 65 91 03 DECIWS
6.01 4 n-Clerr]H err] 60 57- 58

5. 86 5.70 5 I - err].Hperr] 4

104- 105 5. 86 5. 80 6 n-C err H erc]

99 hi gh viscosity 5. 43 5.49

2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine.

3. Metal deactivators, for example N,N’-diphenyloxalamide,
N-salicylal-N’-salicyloylhydrazine, N,N’-bis(salicyloyl)hydrazine,
N,N’-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hydrazine,
3-salicyloylamino-1,2,4-triazole and bis(benzylidene)oxalodihydrazide.

4. Further phosphites and phosphonites, for example triphenyl phosphite, diphenyl alkyl
phosphites, phenyl dialkyl phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite,
trioctadecyl phosphite, distearyl pentaerythrityl diphosphite, tris(2,4-di-tert-butylphenyl)
phosphite, diisodecyl pentaerythrityl diphosphite, bis(2;4-di-tert-buty1pheny1)
pentaerythrityl diphosphite, tristearyl sorbitol triphosphite,
tetrakis-(2,4-di-tert-butylphenyl) 4,4 -biphenylenediphosphonite and
3,9-bis(2,&di-ten—butylphcnoxy)-z,4,8,10—tetraoxa—3,9-diphosphaspiro[5 .SJundecane.

5. Peroxide scavengers, for example esters of g-thiodipropionic acid, for example the
lauryl, stearyl, myristyl and tridecyl esters, mercaptobenzimidazole, the zinc salt of
2-mercaptobenzimidazole, zinc dibutyldithiocarbamate, dioctadecyl disulfide and
pentaerythrityl tetrakis(s-dodecylmercapto)propionate.

6.' Benzofuranones and indolinones, as described, for cxainple, in WO-A 80/01 566 and
EP-A 415 887.

1. Polyamide stabilisers, for example copper salts in combination with iodides and/or
phosphorus compounds and salts of divalent manganese.

8. Basic costabilisers, for example melamine, polyvinylpyrrolidone, dicyandiamide,
triallyl cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides,
polyurethanes, alkali and alkaline earth metal salts of higher fatty acids, for ekample
calcium stearate, zinc stearate, magnesium stearate, sodium ricinoleate and potassium
palmitate, antimony pyrocatecholate and tin pyrocatecholate.

9. Nucleating agents, for example 4-tert-butylbenzoic acid, adipic acid and diphenylacetic
acid.

10. Fillers and reinforcing agents, for example calcium carbonate, silicates, glass fibres,




7 Cerr]Herr]-CHCHerr]- 95 o lop3F-3
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The examples below illustrate the invention in greater detail. Parts and percentages, as in
the claims and the remainder of the description, are by weight, unless stated otherwise.

Example 1: Preparation of bis(2,4-di-tert-butyl-6-methylphenyl) phosphorochloridite

890.3 g (4 mol) of 2,4-di-tert-butyl-6-methylphenol, 4.2 g of dimethylformamide and
170.0 g of xylene are introduced into a four-neck flask which has been flushed with
nitrogen and is fitted with a thermometer, dropping funnel, reflux condenser and
distillation attachment. 274.9 g (2 mol) of phosphorus trichloride are added dropwise with
stirring over the course of 1.5 hours at a temperature of 50°C. The reaction mixture is
warmed to 130°C and refluxed at this temperature for 1 hour. The reaction mixmre is kept
at 120°C for 1 hour under a vacuum of 0.15 bar. Xylene is subsequently removed by
distillation under a greater vacuum. After the vacuum has been broken using nitrogen,
959.5 g (1.9 mol) of the title compound are obtained as supercooled, yellow-orange, clear
melt.

Purity: 98 % (determined using 3!P-NMR)

Purification: distillation at 204°C/0.0002 bar.

Example 2: Preparation of bis(2,4-di-tert-butyl-6-methylphenyl) methyl phosphite

300 g (1.36 mol) of 2,4-di-tert-butyl-6-methylphenol are introduced into a 1500 ml
sulfonation flask fitted with thermometer, stirrer and reflux condenser, and the reactor is
flushed with nitrogen. The mixture is warmed to 55°C in order to melt the phenol, and

1.5 g of dimethylformamide are added 1o the melt. 102.7 g (0.75 mol) of phosphorus
richloride are added dropwise over the course of 1.5 hours at the same temperature. The
hydrochloric acid gas produced is neutralised by means of a 30 % aqueous sodium
hydroxide solution. When the addition is complete, the reaction mixture is heated to
140°C over the course of 4 hours and stirred at this temperawre for a further hour. A slight
vacuum (0.55 bar) is then applied, and the mixture is stirred at 130°C for a further 4 hours.
The clear yellow-orange melt obtained (= bis(2,4-di-tert-butyl-6-methyl) phosphoro-



18 -(CHerr])[err]-N(CH err])[err] 65 yred
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cHloridite) is then allowed to cool to about 80°C in a nitrogen atmosphere and is diluted
with 500 m! of petroleum ether (80-100°C). The solution is cooled to -5°C, and 89.3 g
(0.884 mol) of triethylamine are added over the course-of 15 minutes. 32.8 g (1.02 mol) of
methanol .are then added dropwise over the course of 1 hour, during which the temperature
rises to +5°C and the wriethylamine hydrochloride precipitates. This mixture is allowed to
warm slowly (about 1 hour) to room temperature with stirring. The precipitate is filtered
off and the filtrate is evaporated, giving 328 g of phosphite as a yellow oil (purity
determined by high pressure liquid chromatography [HPLC): 94 %). Recrystallisation of
the crude product from ethanol gives 262 g (77 % of theory) of the title compound in the
form of a white powder having a melting point of 75-78°C.

Elemental analysis: Pcalc.: 6.19 % found: 6.19 %

Examples 3-33: The compounds of Examples 3-33 are prepared analogously to the

compound of Example 2 using the alcohol or phenol corresponding to the substituent RL.
The substituents and analytical data are shown in Table 1 below.

t'C4H9
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Exanpl e Rl err] Yield Mel ting po-fi=fiEhime

El emrental anal ysi s No. : piRASM g )

i ndex [err] %P calc. %P found 24 napht hyl

83 101-103 5. 05 4.97 25

55 154- 156 5. 00 499 26

97 hi gh viscosity 4.50 ~© 4.53 99
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Table 1:
Example Ry Yield Melting point [*C] Elemental analysis
No. [%) Refractive index npy % P calc. % P found
3 CoHg 65 91 6.02 6.01
4 n-C3Hy 60 57-58. 5.86 570
5 i-C3Hy 64 104-105 5.86 5.80
6 n-CgHjs %9 high viscosity 543 549
7 C4H9-CF-CH2- 95 15173 517 5.16
CqHs

8 n-CyoHas 98 15107 473 471
9 i-C1gHay 95 high viscosity 4.94 499
10 i*C1o713H25127 i high viscosity 4.67 4.65
11 n-CygH37 93 1.5061 4.19 4.19
12 i-CygHs7 91 1.5036 4.19 4.10
13 -(CHy),-OCHj 70 yellowish oil 569 544
14 «CH,CHy-0-13-C4Hy 97 15119 459 448
15 (CHy),-S-CoHs 98 high viscosity 539 5.18
16 «CH3),-CF3 7 72 545 540
17 «(CHp)-CN 55 139 5.74 5.70
18 (CHy)3-N(CH3), 65 yellowish oil 542 530
19 -CH,CO,-"C4Hg 96 high viscosity 5.16 490
20 benzyl 97 high viscosity 537 546
21 -(CHy)-CgHs 74 78-80 524 5.18
22 cyclohexyl 64 high viscosity 545 522
7B phenyl 80 96-98 5.50 552
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Table 1 (continuation):
Example Ry Yield Melting point {*C] Elemental analysis
No. {%]  [Refractive index ,,%0 % P cale. % P found
naphthyl 83 101-103 5.05 497
25 55 154-156 5.00 499
26 __@_ +Callo 97 high viscosity 4.50 453
e
27 l—-{: 9 1.5508 455 430
t‘:%?.
2 OT CH,CCHyy | 78 117-120 459 4m
CH3
CHg
) N-CH,3 54 63-70 4.34 4.7
CHy
CH
C!‘?g
CH3
30 NH 32 55.75 495 481
CH,
H3C_:H3
H3C
31 {CH)I N OH | 45 69-78 462 4.60
H3C
HaC
32 -CH,-CH=CH, 63 81-82 5.88 5.84
l-C4H9
3 «CHyp)y OH 25 high viscosity 439 45
CH,
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The compounds of Examples 34-36 are prepared analogously to the compound of
Example 2 using the polyol corresponding to the substituent R1. Two equivalents of both
bis(2,4-di-tert-butyl-6-methyl) phosphorochloridite and base are used for the compounds
where x = 2, and three equivalents of bis(2,4-di-tert-butyl-6-methyl) phosphorochloridite
and three equivalents of base are correspondingly used for the trimeric compound (x = 3). -
The substituents and analytical data are shown in Table 2 below.

O~ - B

=51
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Table 2:
Example Ry Yield |Melting point ['C]  |Elemental analysis
No. (%] |Refractive index ;20 |& Poale. %P found
34 -(CHy)g- 49 168 5.87 5.82
35 -(CHg)7-O-(CHa)y- 75 40-50 (amorphous) | 594 5.36
36 | «CHyy —HN— (CHy)y- 63 136-137 536 574

Example 37: Stabilisation of polypropylene

1.3 kg of polypropylene powder (melt flow index 3.2 g/10 min, measured at

230°C/2.16 kg) are mixed with 0.05 % of calcium stearate, 0.05 % of tetrakis[3,5-di-
tert-butyl-4-hydroxyphenylpropionyloxymethyllmethane and 0.05 % of the stabiliser
indicated in Table 3. This mixture is extruded at 100 rpm in an extruder having a barrel
diameter of 20 mm and a length of 400 mm, the 3 heating zones being set at 260°C, 270°C
and 280°C. The extrudate is cooled by drawing through a waterbath and is subsequently
granulated. The granules obtained are extruded a second and third time. After these three
extrusions, the melt flow index is measured at 230°C/2.16 kg. Small values indicate good
stabilisation. The results are shown in Table 3.
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Example 38: Stabilisation of polyethylene

100 parts of unstabilised high-density polyethylene having a molecular weight of about
500,000 in powder form are mixed in the dry state with 0.05 part of
tetrakis(3,5-di-tert-butyl-4-hydroxyphenylpropionyloxymethyljmethane and 0.1 part of the
stabiliser indicated in Table 4. The mixture is kneaded for 50 minutes at 220°C and 50
rpm in a Brabender Plastograph. During this time, the kneading resistance is recorded
continuously as torque. As a consequence of the crosslinking of the polymer, a rapid
increase in torque occurs during the kneading time after initially remaining constant. The
effectiveness of the stabilisers is apparent from an increase in the time before the torque
increases. The values obtained are shown in Table 4.
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are shown in Table 3.
4 120
5 13.0
6 15.0
7 25
8 17.0
9 19.0
10 165
1 14.0
12 170
13 135
16 15.0
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WHAT IS CLAIMED IS:

1. A compound of the formula I

t-C4H
= 0 \ P-—c-‘ R

t-C4Hg CH3J 2 J X

in which x is 1, 2 or 3, and,

if x = 1, R! is C;-Czpalkyl, C;-C;galkyl substituted by halogen, -COOR?, -CN, -NR*R* or
by -CONR3R4, C,-Cgalkyl which is interrupted by -NR5-, -O- or -S-, C3-C galkenyl,
Cs-Cyacycloalkyl, phenyl-C;-C,alkyl, phenyl which is unsubstituted or substituted by
C,;-Cy,alkyl, halogen, pheny1~C1-C4alkyl and/or CI-C4alkoxy, or R1 is naphthyl, a radical

: l
of the formula ‘Q_R R N —_ CHch— or

Rio

D,

«(CHy) OH

Ry

R,, Rs3, R4 and R, independently of one another, are hydrogen, C;-C;galkyl,
Cs-Cjqcycloalkyl or phenyl-C;-C,alkyl, R is hydrogen, methyl, allyl or benzyl, R is
hydrogen or -OR?, R3 is hydrogen or methyl, R? is hydrogen or C;-Cyqalkyl, R'® and R!!,
independently of one another, are hydrogen or C;-Cgalkyl, and n is 3-6,
with the proviso that R! is not a phenyl radical which is substituted in both ortho-positions
to the carbon atom bonded to the oxygen atom,
if x =2, Rl is C,-C,galkylene, C,-C,galkylene which is interrupted by -NR3-, -O- or -S-,

CHj

CHj

orisa N— (CHal2" radical, and,

CH
CHy  °

This Sheet Has Been Replaced
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0.2 —6 _ . 6.0
7 6.7 . p——p N
9 . IR e S

13 8.7
Exanpl e 38: Stabilisation of polyet hy_Iﬁn_e 100 parts of urns abp.?’l Q%Ew%

hi gh-density pol yet hyl ene having a nol'ecul ar wei ght of aboyt
powder formare mxed in the dry state with 0.05 part of

tetrakis(3,5-di-tert-butyl -4-hydroxyphenyljpropi onyl oxynet hytimettane and
0.1 part of the stabiliser indicated in Table 4. The m xture is kneaded for

50 ni nut es ifk =2 @4y C]-C, alkdn&fyr ¢ta L@}g Na@.& er gidu s*t,; QB Pgring this
or con

time, the kneading resistance Is rec xﬁuous y as torque. As a

consequence of the crosslinking of the polyner, a rapid
2. A compound of the formula I according to claim 1, in which, if x = 1, R} is C,-Cyqalkyl,

C;-Cygalkyl substituted by halogen, -COOR?, -CN, -NR3R* or by -CONR3R?, C,-Cgalkyl
which is interrupted by -NR-, -O- or -S-, C3-C;galkenyl, Cs-Cj,cycloalkyl,

- phenyl-C;-C,alkyl, phenyl which is unsubstituted or substituted C;-C ,alkyl, halogen,
phenyl-C,-C,,alkyl and/or C,-Cjalkoxy, or R, is naphthyl a radical of the formula

CH3 CHs Rio
. oty |
N—R" R N — CHZCH— or ~(CHa); —OH
RH
ifx=2,R}is Cl-Clgalkylene, Cz-Clgalkylcne which is interrupted by -NR5-, -O- or -S-,.
CHg
CHy
orisa N— (CHa)>- radical, and,
CHg
CHg

|

if x =3, Rl is C4-Cyalkanetriyl or a '(CHz)_m‘N'(CHz)m‘ group in which m is 1-4.

3. A compound of the formula I according to claim 2, in which, if x = 1, R! is C;-Cygalkyl,
C;-Craalkyl substituted by halogen, -COOR?, -CN, -NR3R* or by -CONR3R?, C,-C,salky!
which is interrupted by -NR3-, -O- or -S-, C3-Cygalkenyl, Cs-Cypcycloalkyl,
phenyl-C,-Cyalkyl, phenyl which is unsubstituted or substituted by C,;-Cyqalkyl, halogen,

phenyI-C,-C4a1kyl and/or C,-Calkoxy, or R; is naphthyl a radical of the formula
CH,

CHa 10
. CH |
N—R N _ CHZCH— or -(CHp) AQ OH
RI 1

ifx=2,Rlis Cz-CnaIkylene, Cl-Clzalkylene which is interrupted by -NR-, -O- or -S-,

This Shect Has Been Replaced
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increase in torque occurs during the kneading tine after initially
renmai ni ng constant. The effect Ilmuﬂtﬂ" Ilu mt ﬂllabl lisers e

an increase in the tinme before ases. The EW&TME‘T
are shown in Table 4. - Table 4

Conpound from Ti me before increase Exanpl e No. d@ote‘?:’@%
[ m n] 5.0 _a9.

CHg
CHy

orisa N— (CHa)z- radical, and R? and R1!, independently of one another, are

CH
CHy °

hydrogen or C,-C,alkyl, and,

if x =3, R} is C4-Cy,alkanetriyl ora -(CH,),,-N-(CH,),,- group in which m is 1-4.

4. A compound of the formula I according to claim 3, in which, if x = 1, R! is C,-Cypalkyl,
C,-Cgalkyl which is substituted by halogen, -COOR?Z, -CN or -NR?R?, C,-Cgalkyl which

is interrupted by -O- or -S-, C3-Cgalkenyl, Cs-Cgcycloalkyl, phenyl which is unsubstituted -
or substituted by CI-Clza.Ikyl or phenyl-C;-Cyalkyl, or R; is naphthyl, a radical of the

RS
CHa CHg
RS ; CHy
formula N , R N——CH,CH— or
CHg CHy
CHg CHy
Rio
~(CHa) 5 OH  Réjs hydrogen or methyl, and R® and R? are hydrogen,
Ry1

if x =2, R! is C,-Cgalkylene or C,-Cgalkylene which is interrupted by -NR- or -O-, and,

ifx=3,Rlisa -(CH,),-N-(CH,),,- radical.

5. A compound of the formula I according to claim 3, in which, if x = 1, Rl is C;-C,zalkyl
which is unsubstituted or substituted by halogen, -COORZ, -CN or -NR3R#, C,-C,galkyl
which is interrupted by -NR5-, -O- or -S-, C3-Csalken%1‘:‘ Cs-Cgeycloalkyl,

3

. N—~RS

phenyl-C,-C,alkyl, a radical of the formula ’

CHg

CHs

This Sheet Has Been Replaced
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CHg R® Rio |
CHy
R’. N——CH,CH— or -(CHa)j; OH and,
CHg
CH, Rys
if x = 2, R! is C,-Cyalkylene, C,-C,alkylene which is interrupted by -NR-, -O- or -S-,
CH30H3
orisa N— (CHa)z- radical, and,
CH,
CHy

if x = 3, R} is C4-Cp,alkanetriyl ora -(CH,),,-N-(CH,),- group.

6. A compound according to claim 5, in which x = 1, R! is C;-C;5alkyl which is
unsubstituted or substituted by halogen, -COOR?, -CN or -NR3R*, C,-Cyalkyl which is
interrupted by -NR>-, -O- or -S-, or is phenyl-C;-C,alky! or C5-Cycycloalkyl.

7. A compound according to claim 1, in which R! is C;-C,zalkyl, Cs-Ccycloalkyl or
phenyl-C;-Cqalkyl, in particular C,-C,galkyl.

8. A compound according to claim 7, in which R! is C;-C,alkyl.
9. A composition comprising (a) an organic material which is sensitive 10 oxidative,
thermal and/or photoinduced degradation, and (b) at least one compound of the formula |

according to claim 1.

10. A composition according to claim 9, in which component (a) is a natural,
semisynthetic or synthetic polymer.

11. A composition according to claim 10, in which component (a) is a thermoplastic
polymer.

12. A composition according to claim 10, in which component (a) is a polyolefin.

13. A composition according to claim 10, in which component (a) is a polyvinyl chloride,

This Sheet Has Been Replaced
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- 27 WHAT IS CLAIMED | S: 1. A conpound of the formula I
[err] Inmwhich X735 1,7270or 3, and, if x = 1, Rerr] is
Cerr]-Cerr]al r]al kyl substituted by hal — et
- CN, -NR[err]R[ml]!!”lmmmmmwrr]merr] C[err]-C[er]erA &12}3'1“
interrupted by “NRfert] S0 Yor -S C[err]-C[err]aI keny| ,
Clerr]-(err]cycloal kyl, phenyl-Clerr] err]al kyl , pheny s/\lhi?jtl(r{;&-“g
unsubstituted or substit uted by hal oge;? phenyl -Clerr] - erf]al ky 'angéor
Cerr]-Cerr]al koxy, or Rerr] is naphthyl, a radical

a polyethylene or a polypropylene. O

14. The use of a compound of the formula I according to claim 1 for stabilising organic
materials which are sensitive to oxidative, thermal and/or actinic degradation.

15. The compound of the formula II

t-C4Hg

i &j- P—Cl @
t-C4Hg HY @

16. The use of the compound according to claim 15 for the preparation of a compound of
the formula I according to claim 1.

This Sheet Has Been Replaced

A

THIS SHEET HAS BEEN
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t
1

[err]

phenyl - C[err] C[err]al kyl, R6 is hydrogen, nmethyl, allyl ¢rlbenzyl, R7 i
hydrogen or -OR9, Rlerr] is hydrogen or nethyl, R9 is hydjogen2 aMay 1999
Cerr]-Cerr]alkyl, Rerr] and R err], independently of onpefanother, are
hydrogen or Clerrr]-Clerr]alkyl, and.gyis 3-6, with the p |

d , i ndepfRn -
another, are hydr?{ggﬁir] C[(?E(ra]rr]C[erRE]e;Ir]ky?n C[Rg(ra;]r!q;pr]eg & Q@EMOS}TEET

Al

.is not a phenyl radical which is substituted in both orthg-positions to thg

carbon atom bonded to the oxygen atom if x = 2, Rerr] is
Jerr]-C ewHAT IyCeAaBVEID ISA is interrupted by -NRerr]-, -O or -S,
Lerr] REPLACEMENT SHEET

1. A compound of the formula [

t- C4H9
ﬁ— P —D—}—R‘ D,
t+-C;Ag Hg 2 X

in whichxis 1,2 or 3, and,

if x = 1, R} is C;-Cypalkyl, C,-Cgalky! substituted by halogen, -COORZ, -CN, -NR3R* or

by -CONR3RY, C,-Csalkyl which is interrupted by -NR5-, -O- or -S-, C3-C,salkenyl,

Cs-Cyacycloalkyl, phenyl-C;-C,alkyl, phenyl which is unsubstituted or substituted by
halogen, phenyl-C,-C,alkyl and/or C,-C,alkoxy, or Rl is naphthyl a radical

cn-l3
_Rs CH3 ' l
of the formula N e CH2CH— or
Rio
“CHy) ; OH
Ri

Rj, R3, Ry and Rs, independently of one another, are hydrogen, C,-C, salkyl,
Cs-Cyacycloalkyl or phenyl-C;-Caalkyl, RS is hydrogen, methyl, allyl or benzyl, R7 is
hydrogen or -OR?, R? is hydrogen or methyl, R? is hydrogen or C,;-Csqalkyl, R'® and R!!,
independently of one another, are hydrogen or C;-Cgalkyl, and n is 3-6,
with the proviso that R! is not a pheny! radical which is substituted in both ortho-positions
to the carbon atom bonded to the oxygen atom,
if x = 2, R' is C,-Cysalkylene which is interrupted by -NR®-, -O- or -S-,

'C-HSCH:,
orisa N—— (CHa)2- radical, and,

CH
CHy °

T



if x =3, Rerr] i s Cerr]-Cerr]al kanetriyl or a
-___(CH[err])[err]-l\‘I-(CI-i[err])[err]- group in which mis 1-4.
of the fornula | according to claim1, in which, if x =1, /RE,

1

Cerr]-Cerr]dalkyl, (err]-Cerr]alkyl substltuted by hal oder; SR

-CN, -NR[err]Rerr] or by -CONRlerr]Rerr], C[err] C[err]alk;l ichis
interrupted by -NRerr]-, -O or -S g:[err] ‘?ﬁﬁ XILI' T 4 MAY 1999
Jerr]-Cerr]cycloal kyl, phenyl - C[err]2 C[err]alk @ﬁy vu’u ch is

unsubstituted or substituted by hal ogen, phenyl - C[err] de r]aI kyl and/or
Clerr]-Clerr]al koxy, or Rerr] is naphthyl, a radical of the—feormies=
Jerr]

if x =3, Rl is C4~C alkanetriyl ora ~(CHy)-N-(CHy)n- group in which m is 1-4.

2. A compound of the formula I according to claim 1, in which, if x = 1, R! is C;-Csgalkyl,
C,-Cysalkyl substituted by halogen, -COORZ, -CN, -NR3R* or by -CONR®R*, C;-C)zalkyl
which is interrupted by -NR3-, -O- or -S-, C3-C salkenyl, C5-Cjocycloalkyl,

phenyl-C,- 4alkyl, phenyl which is unsubstituted or substituted by halogen, .
phenyl-C, -C4alky1 and/or C;-C,alkoxy, or R, is naphthyl a radical of the formula

cHy |

8 3

N—H R”. N——CH,CH— or <(CH2; OH
CHg

CHg Ry
if x =2, Rl is Q—Clsdkylcne, which is interrupted by -NR>-, =O- or -S-,
CH,
CH,
orisa N— (CHa)z= radical, and,
CHy
CHy

if x =3, R! is C;-Cppalkanetriyl ora ~(CH)mN-(CHa)- group in which m is 1-4.

3. A compound of the formula I according to claim 2, in which, if x =1, R! is C;-Cpqalkyl,
C,-C, alkyl substituted by halogen, -COOR?, -CN, -NR3R* or by -CONR’R?, C,-C,galkyl
which is interrupted by -NR3-, -O- or -S-, C3-Cygalkenyl, Cs-Cjocycloalkyl,
phenyl-C,-C,alkyl, pheny! which is unsubstituted or_substituted.-by halg'&c;l,
phenyl-C, -C4a.lky1 and/or C;-C,alkoxy, or R, is naphthyl a radical of the formula

CH,

cH |
6 3
R N—CHch— or (CHz),rQ

if x =2, Rl is Cz-Cualkylene whlch_xs mterrupted by -NR’-, -O- or -S-,

[T



if x =2, Rerr] is Clerr]-Cerr]al kyl ene, which is interrupted by
-NR[err] -O or -S-, [err] If x = R-ef—i-s—_
Cerr]- C[err]al kantriyl or a [err] group.in which mis 1- REPLA@EWNT?HPET;

corrpound of the formula | according to claim2, in which, iff TRerry
is CJerr]-Cerr]alkyl, Cerr]-Cerr]al kyl substituted by hdl qg ?:M'P\Y
- dtRy

-COOR{err], -CN, -NR[err]R[err] or by29CO\IR[err]R[err] rnj
which is |nterupted by -NRerr]-, -O or -S, (err -Céerr al
‘Cerr]-derr]cycloal kyl, phenyl - C[err] C[err]al ky|REPpACHV

onr et e

unsubstituted or subsClH:; uted by hal ogen, phenyl-Cerr]-Cer

.JJerr]-err]al koxy Qilserr] is naphthyl, a radical of the fornula
orisa N— (CHa)2" radical, and R!? and R!!, independently of one another, are
CH,
CH,

hydrogen or C;-C,alkyl, and,

if x =3, Rlis C;-Cpalkanetriyl ora -(CH,),,-N-(CH,),- group in which m is 1-4.

4. A compound of the formula I according to claim 3, in which, if x = 1, R! is C;-Cygalkyl,
C,-Cgalkyl which is substituted by halogen, -COOR?Z, -CN or -NR?R?, C,-Cgalky! which
is interrupted by -O- or -S-, C;5-Csalkenyl, Cs-Cgcycloalkyl, phenyl which is unsubstrtuted
or substituted by phenyl-C,-C,alkyl, or R, is naphthyl, a radical of the:

CHa Rﬁ
t, CH,
N—Rs 7 CHa
formula , R N—CH,CH— or °
. CHs CH,
CHa - CH3
Rio
“(CHy) 5 OH  RSis hydrogen or methyl, and R® and R? are hydrogen,
Ryq

if x =2, R' is C,-Gyalkylene which is interrupted by -NR*- or -O-, and,

ifx=3,Rlisa -(CHy)p-N-(CHp),- radical,

5. A compound of the formula I according to-claim 3, in which, if x = 1, R! is C,-C,zalkyl
which is unsubstituted or substituted by halogen, -COOR?, -CN or -NR3R?, C,-C,galkyl
which is interrupted by -NR-, -O- or -S-, C3-C6a1ken¥:1}:* C5-Cycycloalkyl,

3
CH,
8
phenyl-C;-Cjalkyl, a radical of the formula )
CHg
CHy

HIIIIII HIIII IIIlI Illll ! IIII



[;err]
-NR[ err]
_-529 -

CH3 [err]

I f X :2,‘R[err] Is CJerr]-Cerr]al kyl ene which is interrupted by
, -O or.-S

U )
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8
CHy R Rio

CHg :
R’. N——CH,CH— or “(CHa); ~OH and,
CHy
CH, Ry
if x= 2, R' is C,-C,,alkylene, which is interrupted by -NR*-, -O- or -S-,
CH,

CHg
orisa N— (CHy)z- radical, and,
—~cH,

CHy

if x =3, Rl is C;-Cyalkanetriyl ora -(CH,),-N-(CH,)- group.

. 6. A compound according to claim 5, in which x = 1, R! is C;~C;qalkyl which is

unsubstituted or substituted by halogen, ~<COOR?, -CN or -NR3R?, C;-Cjpalkyl which is
interrupted by -NR3-, -O- or -§-, or is phenyl-C;-C,alkyl or Cs-Cycycloalkyl.

7. A compound according to claim 1, in which R! is C,-C;zalkyl, Cs-Cscycloalkyl or
phenyl-C,-C4alkyl, in particular C,-C,galkyl.

8. A compound according to claim 7, in which R! is C;-C,alkyl.
9. A composition comprising (a) an organic material which is sensitive to oxidatve,
thermal and/or photoinduced degradation, and (b) at least one compound of the formula |

according to claim 1.

10. A composition according to claim 9, in which component (a) is a natural,
semisynthetic or synthetic polymer.

11. A composition according to claim 10, in which component (a) is a thermoplastic
polymer.

12. A composition according to claim 10, in which component (a) is a polyolefin.

13. A composition according to claim 10, in which component (a) is a polyvinyl chloride,

e



hydr ogen or C[err]-C[err]aI kyl, and, If x =3, Rerr] is

Jerr]-Cerr]al kanetriyl or a -(CH[err])[err]-N-(CH[err])[’
which mis 1-4. 4. A conpound of the formula |I according t

PLAPEMENT; SHEET

which, if x =1, Rerr] is err]-Cerr]alkyl, Jerr]-Jerd]:
substituted by hal ogen, -COOR[err], -CNor -NRerr]Rerr],

Cerr]-Cerr]alkyl which is int'errup_tﬁd_ by -O or -S,

| kyl which is
Z 4 MAY 1999

Cerr]-Cerr]alkenyl, Cerr]-Clerr]cycloal kyl, phemgpA¢H WQ"E[ET.
ar _Rlerr] is

unsubstituted or substituted by phenyl-Cerr]-(err]al kyl,

napht hyl , ' [err]
-, Rerr] ??°ﬁ§gi@léﬁpgﬁmyf°f‘°'and Rlerr] and R err] are hydrogen,

[err]

14. The use of a compound of the formula I according to claim 1 for stabilising organic

materials which are sensitive to oxidative, thermal and/or actinic degradaton.

15. The compound of the formula I

_ t-C4Hg
i :s-i‘s:— ¢ @
+-Cfq cHi 2

16. The use of the compound according to claim 15 for the preparation of a compound of

the formula I according to claim 1.

* [ L L S *



if x.=2, Rlerr] i's Jerr]-Clerr]alkylene which is interfxte
or, -6, and, If xx=3, Rerr] is a-(CHerr])][err]-NXithe
radi cal . 5. A tonpound of the fornmula | according to
if x =1, Rerr] is (err]-Cerr]alkyl which is unsubsfi
substituted by hal ogen, -COOR[err], =@ or -NRerr]R er
Jerr]-Cerr]alkyl which is interrupted by -NR err]-
Cerr]-Cerr]alkenyl, Cerr]-Cerr]cycloal kyl, | '
- CH3 [errr—
phenyl -Clerr]-Clerr]alkyl, a radical of the formula EPLA(%MQNTSHEET

Asymmetric aryl phosphites

Abstract of the disclosure

Compounds of the formula I

t‘C4H9 ’
P— D-}—R‘
C; 2 X

in whichxis 1,2 or 3, and,

if x = 1, R is C;-Csqalkyl, C;-Cyqalkyl substituted by halogen, -COOR?, -CN, -NR3R* or
by -CONR3R4, C,-C;galkyl which is interrupted by -NR5-, -O- or -S-, C3-C;galkenyl,
Cs-C)ocycloalkyl, phenyl-C;-C,alkyl, phenyl which is unsubstituted or substituted by
Cl-Cua.lkyl halogécn, phenyl-C;-C,alkyl and/or C1~C4a]koxy, naphthyl, a radical of the

o, CHg
Rs 7 CH3 l '

formula N , R N —— CH,CH—

CH, CH,

CHs CHg

Ryo
or -(CHz)n OH )

R4

Rz R3, R, and Ry, independently of one another, are hydrogen, C;-C;salkyl,
Cs-Cyacycloalkyl or phenyl-C;-Cjalkyl, RS is hydrogen, methyl, allyl or benzyl, R is
hydrogen or -OR?, R8 is hydrogen or methyl, R? is hydrogen or C;-Csqalkyl, R1® and R1!,
independently of one another, are hydrogen or C;-Cgalkyl, and n is 3-6,



-3Q -

a
derr]

d

) [err] if x=2, Rerr] is (er R EPH e
“.which is interrupted by -NRferr]-, -O or -S, - WJS ol ] E
' Terr] _radical, and, if x =3, Rerr S
-Cerr]al kanetriyl or a -(CH[er-ri; [-err']-I\I-(CI‘—ql[:ﬁlrj{c ﬂ%MﬁrE%

with the proviso that R! is not a phenyl radical which is substituted in both ortho-positions
to the carbon atom bonded to the oxygen atom,
if x = 2, Rl is C)-C,qalkylene, C,-Cygalkylene which is interrupted by -NR>-, -O- or -S-,
CH,
CHg
orisa N— (CHa)>-  radical, and,

CH
CHy °

if x =3, Rl is C4-Cjalkanetriyl ora -(CH,),,-N-(CH,),,- group in which m is 1-4,
are suitable as stabilisers for organic materials which are sensitive to thermal, oxidative

and/or photoinduced degradation.



6. A compound according to claimb5, in which x = 1, Rerr] is
Cerr]-Cerr]alkyl which is unsubstituted or substituted by haloegen,—-
-COOR[err], -CN or -NRerr]Rerr], Cerr]-derr]al kyThisdhéetBasinten H3piSLg UPT €d

by -NRerr]-, -O or -S-, or is phenyl ‘Cerr]-Cerr]a
Cerr]-Cerr]cycl oal kyl . 7. A conpounli-according to mm”mﬂm,mw,mm ch
Rlerr] is (Jerr]-Cerr]Jalkyl, (err]-Cerr]cycloal kyl

phenyl -Clerr]-C[err]alkyl, in particular CJerr]-Cerr]al kyl. 8. A
conmpound according to claim7, in which Rerr] is (Jerr]-Cferr]alkyl. 9.
A conposition conprising (a) an organic material which is sensitive to
oxi dative, thermal and/or photoinduced degradat IM | east one
conmpound of the formula | according to claiml. A- ition

according to claim9, in which component (a) is a natural, sem synthetic or
synt heti c pol L. . 1. ecorrposi tion according to claim10, in which
conponent 5 stic

. Abstract of the disclosure

Compounds of the formula I

t-C4H
= otr-ol

J J R1 (1)9
t+Cf, CHy/ 2 X

in which x is 1,2 or 3, and,

if x = 1, R is C;-Cyqalkyl, C,-C,galkyl substituted by halogen, -COOR?, -CN, -NR3R¢ or
by -CONR3R, C,-Calkyl which is interrupted by -NRS-, -O- or -S-, C3-Cgalkenyl,
Cs-C,ocycloalkyl, phenyl-C,-Cyalkyl, phenyl which is unsubstituted or substituted by
C,-Cypalkyl, halogen, phenyl-C,-C,alkyl and/or CI-C4a]koxay , naphthyl, a radical of the

CH3
formula —Q— CHCH—

Rio

or ~(CH2 OH

Ry
R,, R3, R, and R, independently of one another, are hydrogen, C;-C;galkyl,
C5-C,ocycloalkyl or phenyl-C;-C,alkyl, RS is hydrogen, methyl, allyl or benzyl, R7is
hydrogen or -OR, R is hydrogen or methyl, R? is hydrogen or C;-Cspalkyl, R1% and RY},
independently of one another, are hydrogen or C,-Cgalkyl, and n is 3-6,

THIS SHEET HAS BEEN
REPLACED




pol yrer . 12. A conposition according to claim 10, in which conponent (a)
is a polyol efin. 13. A conposition according to claim 10, in which
conponent (a) is a polyvinyl chloride, _

-31- a polyethylene or a polypropylene. 14. The use of a conpound of the
formula | according to claim1 for stabilising organic materials which are
sensitive to oxidative, thermal and/or _azc_ti ni ¢ degradati on.

with the proviso that R! is not a phenyl radical which is substituted in both ortho-positions
to the carbon atom bonded to the oxygen atom, |
if x =2, R! is C,-C;galkylene, C,-C;galkylene which is interrupted by -NR3-, -O- or -S-,

CHg
CHg

orisa N— (CHa)2-  radical, and,

CH
CHy °

if x =3, R is C4-Cyjalkanetriyl ora -(CH,),,-N-(CH,),- group in which m is 1-4,
are suitable as stabilisers for organic materials which are sensitive to thermal, oxidative
and/or photoinduced degradation.

is Sheet Has Been Replaced

HII\IHIII ll\l I I

THIS SHEET HAS BEEN '
REPLACED :




~15. The conpound of the formula I1 [err]
16. The use of the conpound according to claim115 for the preparation of a
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Asymmetric aryl phosphites

Abstract of the disclosure

Compounds of the formula I

-C
t4H90\P—-l

‘—J R1 (I)’
t-C4Ag CHJ 2 X .

in whichxis 1,2 or 3, and,

if x = 1, Rl is C;-Cypalkyl, C;-Cygalkyl substituted by halogen, -COOR?, -CN, -NR3R* or
by -CONR3R4, C,-C;galkyl which is interrupted by -NR?-, -O- or -S-, C3-Cygalkenyl,
C;-Cyocycloalkyl, phenyl-C;-Cyalkyl, phenyl which is unsubstituted or substituted by
C,-Ciqalkyl, halogen, phenyl-C,-C,alkyl and/or CI-C4alkoxay , naphthyl, a radical of the

CH3
_ne
formula N —_— CHch—

Rio

r ~(CHa - OH

Ry
R,, R3, R4 and Ry, independently of one another, are hydrogen, C;-C;galkyl,
Cs5-Cyacycloalkyl or phenyl-C;-Cyalkyl, RS is hydrogen, methyl, allyl or benzyl, R is
hydrogen or -OR®, R® is hydrogen or methyl, R? is hydrogen or C;-Cspalkyl, R1? and R1},
independently of one another, are hydrogen or C,-Cgalkyl, and n is 3-6,
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with the proviso that R! is not a phenyl radical which is substituted in both ortho-positions
to the carbon atom bonded to the oxygen atom,
if x = 2, R! is C;-C;galkylene, C,-C,salkylene which is interrupted by -NR3-, -O- or -S-,
CHg
CHy .
orisa N— (CHgz)2- radical, and,

CH
CHy °

if x = 3, R! is C4~C;alkanetriyl or a -(CH,)-N-(CH,),- group in which m is 1-4,
are suitable as stabilisers for organic materials which are sensitive to thermal, oxidative
and/or photoinduced degradation.
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